


Responsible A@ency: The Reclamation Board, State of California
1416 Ninth Street, Room.455-6
Sacramento, CA 95814-4794
Contact: Jacob (916/445-8984)Angel

�ooperatin.~ Agency: U. S. Army Engineer District, Sacramento
650 Capitol Mall
Sacramento, CA 95814~4794

Action:     Protection of levees of the Sacramento River Flood
Control Project from erosion along the Sacramento
River between RM 0 and 194, including Delta sloughs
of the Sacramento River, the Yolo Bypass, the Colusa
Basin Drainage Canal, and the lower Feather River.

Location: Various    sites    at project    levees    along the
aforementioned waterways in Solano, Sacramento, Yolo,
Sutter,     Colusa,     Glenn,     and    Butte    Counties,
California.

Abstract: This Draft EIR/SEIS IV describes the impacts of the
remaining congressionally authorized bank protection
of up to 132,000 lineal feet, along the Sacramento
River system as far north as Chico Landing. The
analysis is in the form of a "program document,"
circumscribing the expected overall range of impacts
for the finally selected bank protection sites, and
establishing impacts appropriate mitigationthe and
measures associated with the application of any
feasible method at any site. A method to implement
the programmatic analysis at future work sites is
provided. The document also describes the cumulative
impact of all previous SRBPP work and establishes
outstanding impact mitigation requirements.

Review
Period:     The .deadline for receipt of comments on this draft

document (at least 45 days following notice in the
.Federal Register) is September 18, 1987         .

State of California Clearinghouse #86092321.
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~
Least-Main~scen~io Env~tally Superior Scenario

Purpose Optimize reliability by using Maximize retentlon of significaht "’
methods requiring least biological resources.

Conditions for Use
Lower River (RM 0-60) Bank-cut riprap to SHWLa, where Bank-fill riprap, where significant woody

be~n width sufficient riparian habitat present

Bank-fi~l riprap to top of bank Berm restoration and planting, where
or SHWL , if berm narrow or woody riparian habitat scarce
absent

~ bank-fill riprap, wh~ erosion
surface is low; gabion cap where shaded
aquatic habitat present

Bank-cut riprap, otherwise

Middle River (~M 60-143} Same as upper river Same as upper river, except bank-~ll
riprap replaces flow modification

Upper River (~4 143-194} Bank-cut riprap to top of bank Flow n~xiification .(experimental), if
significant woody riparian habitat and
shaded aquatic habitat present

Bank-fill riprap, if only significant
woody riparian habitat present; height to
top of bank/SHWL where velocities
moderate-high/low, respectively

Bank-cut riprap, otherwise; height to top
of bank/SHWL where velocities moderate-
high/low, respectively

Vegetation in revetment (exper~’mantal},
where woody riparian habitat scarce

(based on tentative site inventozy)                                                                   , ...

~ River 50% bank-cut, 50% bank-fill 5% bank-cut, 95% various bank-fill riprap
riprap methods; about 33% low bank-fill and

15-20% berm restoration and planting"

Middle River All bank-cut riprap Mostly bank-fill riprap; 20% with
r~vet~nt rev~getation

Upper River and Feather River All bank-cut riprap 65% flow modification, remainder bank-cut
and bank-fill riprap; 7% vegetation in
revetment

Relative Reliability Least Increased, if provisions for long-term
Env~tal .~pacts maintenance are not included

Woody Riparian Habitatb Loss of 72% (63 of 88 acres Loss of 27% (24 of 88 acres present at
present at work sites) work sites)

Shaded ~uatic Habitatc Loss of ii miles at work sites Loss of 9 miles, but sune ~rtunities
for natural restoration established

Special-Status Loss of f~Ind to be Loss of found to be present,
Plant C~ammitiesd at work anYsites

present
Delta tuleanYpea above Colusa retained,excePtif
any

Habitat for Swainson’s Loss of most habitat present at Loss of relatively small amount of
hawk, yellow-billed work sites habitat present
cuckoo, and valley elder-
berry longhorn beetle ’

Bank swallow h~bitatf Loss of most suitable habitat Loss of one-half of suitable habitat
present at w~rk Sites. present at work sites .    . ......
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Table S-I. Comparison of Bank Protection Scenarios

Least-Maintenance Scenario Enviromsentally Superior Scenario

En~tai I~c~s (con~inued~

(~linook salmon rearing Loss at most work sites Loss at 80% of sites, but s~me
habitatg opportunities for natural restoratic~

Construction cost - $20-25 million At least 10% higher, maybe 20% higher

Annual maintenance cost $40-50,000 About twice as much

Total cost (present worth} $20-25 million At’least 12% higher, maybe 20-25% higher

Implicaticms Current funding arranga~ents Major increase in maintenance
responsibilities for local districts

a Sustained high water line.

The following notes summarize the resources present at the tentativ~ly identified bank protection Sites. These
apply to the res~irces for which comparative impacts are stmmarized in the table under "Environmental Impacts."
b Overall about 1 percent of the total remaining resource is at the sites, but about i0 percent of the resc~irce

along the lower river and sloughs is at work sites.

c About I0 percent of the total remaining resource is at the tentatively identified work sites.

Delta rule pea is present at two Delta work sites, and suitable habitat for three well-established
special-status species is at 30 percent of the sites (necessitating detailed surveys). Suitable habitat for the
Delta tule pea is at 82 percent of sites.

e Swainson’s hawk: four nest sites present, and 70 percent of sites have suitable habitat
Yellow-billed cuckoo: suitable habitat is present at 30 percent of the middle- and upper-river sites
Valley elderberry longhorn beetle: suitable habitat is common at middle- and upper-river sites

f No active colonies, one abandoned colony, %wo adjacent col~nies,, and suitable h~bitat at one-third of middle-
and upper-river sites are present at tentatively identified work sites.

g Non-riprapped, Shaded aquatic habitat (usually acc~panied by instree~ cover) is present at 58 percent of sites.
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thus ~: the .ultimate :levels of engironmental impact, Will fall
nearest to i~th0se of the l~ast-main’tenance scenario.

Cost Comparison of the Scenarios-

~-:Based i-16n relative unit costs for .construction an~ mainte-
nance, ¯ the> ’relative ~. Construction costs .and annual operation,
maintenance ,< and replacemen£ (O.~ M, a~d R) costs for bothnari6s can-:be estimated, i;. Use ~of~ replacement costs .normalizes
unequal Structure reliability :of thevarious methods. These
costs and the present :.worth ,..of the costs are also shown in Table
S-I. ~..                   ~..::                                          ~,~ ~: ~.

’~Const~c’&ion cos&~ ~re~ .... ~’ ~’: ~ ~’ ~’~ ~ ;~ not ,markedly’~. different ~betwe6n
costs. .are about double for th~ en~sceni~ios, but maintenance

viro~entally superior scenarfos.    The major differenc~
maintenance costs arises .primarily from extensive, use of~ flow
modification in the enviro~entally superior scenario~ which is.
expected to require"               "a high maintenance effort. Costs in estab,
lishing vegetation in ~be~ restoration areas would also be ~highi
at least for-the first s~verai~.:years. The large ~difference in
maintenance costs between: the ’sb~harios does not greatly affect
total costs because- construction costs far outweigh maintenance.
costs" in bank protection projects.         -               ~::

:[The use of envir0~entally superior bank protection me.thod~
would greatly~., increase long-te~ :maintenance respons’ibil$.~ies
which must be borne by local levee " maintenance ".districts
Therefore, a res~£~cturingof ~he in~titutionalarrang~ent~"
governing mai:htenince cost-responsibilities may be)needed if
enviro~entally superior bank pro~ection is to be secured.

Su~ary’:~of Significant- Enviro~ental Consequences and Mitigatio~
Measures for Each Bank Protection Metho~

’ . The typmcal mmpacts~{and~ appropridte}mitigatfon m~:s~res ~fo~’-
each ’:~e/sible~bank~..p~te~tioh method;: ~When used at an~ "i~d~vidu~
al future ~ s~.~e, a~e :.’su~ari~ed i~ T~bl~ ~S-2. This: ihf0~a~io~
proviue@ ~ ~he [~basis.’~;:for ~~ use of the~:[Pr~gr~ EIR ch~klist~
assessin~ [impacts -a~ a~ro~riate~’.:, mi~i~g~tion <.measures.~ f0~i eacH’
actua~ ~work .~site ~-~ :~h~ :.future. ~ ’(~O~t~:that~: for p~p~ses of
su~ariz~tioh;~ some~.:’6f. the ~oten~iallg:~f~asibi’e bank~ rot~Ction
metho~s.~.~h~bed e~e~haye b@p~ ~9~ined in T~Ie ~-2"~)

Areas of Controversy and Issues t~ Be Resolved __2
:~ Future .Bank Protection~::Work:.         ,~ ~

~or ~uture~-.bank protectmon work, th~ prl~ary area bf con-
trov~sy is the ~degree to~which s~andard~hank~cut rin~ should
be supp~anted...by~ other bank~protect~on methods described    " "     "
that ~. ~an - l~s~2n- mmpa~s~.~.t9 . ~biolog%~ca’,~,~g ,aesth&~i~, ~ ~and

. - .. . ...... ’: : . ¯ . ~..S-II " :     ’ -
" ~ ".. ~ ,~ ...... , . .~ . . .... "~. ~ :’. ~ "::D~" ::~ .....~.~    :.... "" ~.~ ’ " :~ : ~ "~ ’ -’ -’ " . ":’.. ~:~’~.~L~
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Table S-2o (Continued)

Ba~k-~/t Riprap Bank-fill Riprap In~ Bank-fill Riprap Flow Modification

.Impacts Nesting habitat lost.where Nesting habitat only lost if    Same as bank-fill riprap. - No nesting hebitat loss nee~
l~i~c~ trees over 40 ft highare o tall trees are in constrdction ~ occur.

near bank or in constzu~ion and O&M clearing zones.

~Mitlgation.Measures *~ Where: dlrect loss"ofdoctm~ated nest tz;ee;~ignifi~nt impact’ ~oidable. Where ~ loss Of s~table nes~ trees, plant
tall- and fast-growing trees on adjacent ground or a neanby area of scercity for full recti~Icatiordcu~ensation. Avoid
construction impactby adjusting clearing to retain ell large ~ees ~d by limiting q~_rations near occupied ndsts to

i~pacts " Habitat lost where cotton- Habitat lost wrmre cot~ Very little .habitat-dxists in No habitat loss, excep~
- wood-~rlll~w ~tands Of at willo# blocks are in clearing lower reach where this mthod possibly minor amount in

: least’ 25~ acres and.300 ft~:~" zones, ~ may.be.~epplied.. ~...::,. construction staging area.
wlclth~exte~ into near bank ; o ... ..... ~. . .... :’ ~ I",,.
areas or~clearing sones~ -: " " ~ ~" " , ,~ ~- - - ~ .....

~gatlon Measures    Pavegetate sit~S contiguous ~ diminished habitat block or.in other more beneficial areas, and protect threatened offsite
habitats~ thus ~providing full mitigation.                        "                      .,

Bank Swallow                                             -

Xmpacts Loss of nesting colony~ £f Same as bank-cu~ rf~rapo No habfta~ exists in lower Preserves colonies an~ suitable
presen~ or loss of suitable reach where this method may hahita~ {bu~ does allow gradual
habitat if tall, unvege- be applied. .- loss over long term).
tared, vertlcal,"fine sark~y- .
loa~ north-~o-east facing
banks are present.

’:: Si~niflcant Impacts.    ~oss o~ a~cive colonies, loss of highly suitable habitat where habitat is scarce, or disturbance to adjacent active colonies.

Mi#/gation Measures. * ~or loss of active colony, sfgnif£can~ impact tmavofdable, Loss of highly suitable hab£ta~ possibly compensated by bank
habitat slm~latlon projects near wa~r bodies in,vielnity.

~ce..’~¯ * Unavoidable signiflcan£ adverse effect may occur.



;-~ Bank-cut Riprap Bank-fill Ripr~p Low Bank-fill Riprap Flow Modification

~:~ Special-Status ~ildlife (continued) ..... ~ . ~ .... - ....~. .~ ....

~:~ ~illey Elderberry Longhorn Beetle

Impacts ~, Habitat lost W~ere "~ider- Habitat lost where elder- Habitat lost where elder- No habitat loss need occur.
~ berry shzllbs are near bank berries ere in cleering zones, berries are in clearing zone {
,.~-or in clearing zones;" (infrequent in lower reach ...... ~ ¯ - ....

., Significant Impact Any loss of occupied or potential habitat (elderberry shrubs) upstream of Sacr~ento.

Mitigation Measures    Limit total take to less than 100 plants and fully ccmpensate by transplanting or planting above riprap onsite or on nearby
~.~high terrace-sites ~ccordir~ to ~speqifications of t_he USFWS Biological Opinion.~ ....... ~

~ "    FiSheries "

~ canopy and instream near-     T~sporazy habitat disturbance shading canopy and ca~lete canopy and instream cover, and
i.~,~- ":shore cover~:a~d Creation of due to construction turbidity loss of instream cover, but creates f!ow conditions
-;’ " ,:.~nfavorable flow coiklitidns, if fine-grained fill used. .,opportunity ~or natural ,~ favorable to rearing,
~;~ " ~dimlnishin~ju~enile chinook ;; restoration. Creation~ of ,,.~ :. :~...    ¯
.~’.;’...~ .~sa__Imon numbers-.~ .~. ,~ ’’: ~; ’~ ~ ~:’ ~~ {mfavorable flow conditions. 0 ~ ;~.,:, ¯ ......

ii.i~i! . . due to construction turbidity

Significant I~pa.,    .-.-.Most.sdd~tional"’ibsses of instrea~ cover and .sheding habitat or reductions in nearshore streamflow diversity, resulting fran
¯ "riprap methods;’",Te~orarg~streem.torbldity,’du4 to bank-fill with rock or sedim~t, is,.less-than-significan%~,¯ . .

m..~i~ation,;Messu~s,~, .* ..’-Foz ~oss~.of- i~e~m’~e~ver due ~ ripr~p~ ’Si~ifican~i~ae~’Un~voia’~ble. Un~vor~le now coniitions ~y"~ zectified
placing small rock over portion of riprap, by creating rearing.benches, or by creating fish,groins. Loss of shading canopy,

~/!!:’.~.     ~:~,~--:-~,~: ~.:--.~,. ~ ~where not’minimized by low bank-fi-ll method, sufficiently rectified by ~la~ting higher riprap configurations,

Lard Use ~., ;~:~ : ..........’q

~-’ !mpacts Where-sufficiently-large-acreages ~of ’agable soils lie-be~ bank protection sites, and levees, conversion of wDody -ripaxian
iJ~.~ ’,~-~ ;habitat~to agriculttlre may occur. " "    " "

~Significant .Impact Any loss of woody riparian habitat due to conversion,

~-Mi.tig~_ti~.~ °~     Avoided by acquisitlon of protective easements where such conversion is reasonably foreseeable.

:;:. i.~.. _.No~e~ :~.~*_ Unavoidable significant..adverse effect may_ occur.





ently experimental method is ~equately de..mons~tratled must be
resolved. These alternatlve met.~ods reduc~e~..c~ompensatmng mmt~ga~
tion costs and can help to ma%n~a~n or restore the ~l~near dis-
tribution of riparian hab~tats~long the ~Sacramen~o~ R~ver sys- I
tam. In general, these methQds enta~l ~ somewha~ hlgher con-
struct~on costs and substantla~I[[y hlgher malntenance costs,              i

IRlthough the actual me~h6d~ ~o be used~, a~ each.~S~te will not
be resolved w~th~n the RecDr~qf Dec~slon~’~(ROD} and Notice of
Determmnatmon (NOD) ,. these~doc~ents ca~ ~resolve the tentatm e Iacceptab/l/ty of me~hods ~escr/bed here/n and ~the~ cond/t/ons
under which each will be deed in the future. These doc~ents
can also specify the mitigation process an~ appiicable mitiga-
tmon measures to be~ used in mmplementmng .the r~marnmng Second IPhase authorization.~ - ~     ~ ~ ~     ~ ~ ~    ’

IAreas of Controversy andSIssues to ~ Relolved--
Maintenance of::Vegetation in Revetment

Controversy exists about the necess~y for~’.c~learing all Iwoody vegetation from rock~revetments accg.r~ing to .current COE
standards. The Reclamatioh     ~ Board and Depar~e~t o~ Water Re-
sources have requested th~ the COE Sacr~ento Di::st~.ict seek Iapproval by its higher authority, to relaxantS9 federally:~approved
standards for levee mainteDance’~so as to..co~form to ~th~ current
state standard described in [~t~e new "GDi’d@. fo~ .~ge~gtion on iProject Levees." As~ a res~t~, this request, COE~has ~equested I
authorization to relax tation Standard.. ~T~ date, the
Sacr~ento Dlstrxct~ has ~ceived ~authorlzatmQn ~o allow
increased vegetation[ in ther f~.~. of rock ~r~vetment~ ~

Areas of Issues:~-t0~ ~be Re~olv~d --
C~u~ative j and Mi~i~ation ,~ I

Past work under ~the ~         encompassed 430,000 feet (81
m~!es) of bank protectmo~ . under ~-.Fmrs~ ~ Phase~ authorization,
185,230 feet (35 mil~s~) un~r Secon~~phas~art ~. ~u~horization,
and about 80,000 f~e~ (15 mmles) ~under~ ~S’gcond ~ase Part 2
authormzatmon through ~ork ~nmt 40A~ ~ ~A~d~tmonal !40,000 feet
(26 mmles) ms proposed~, to complete~Se.cond’~P, hase authorization.

C~ulatxve xmpact from thxs~ 9ast~ ~and~ proposed work and
mltlgatmon of those l~act~: ms a s~b@t~nt&~l area of~controversy
for the S~PP. The ~mgmnal First: ~Phase~ work dmd not encompass
mmtmgatmon for adverse.., mmpacts ~o,~fmsh~and~ ~mldlmfe because mt
predated the enviro~4~tal concern that culmfnatld i~ the enact-
ment of NEPA and CEQ~5~ The Second Phase Part i,~, ~ork~encompassed
mmtmgatmon measures ~ ~hat £repr@sented the state o~ knowledge
ex/~t/ng dur/ng 197~5T~1982;~ pe~fo~ance of ~o£e .measures in    .
replacing, woody ripa{i~an h~ita~ relative to @’.~t~e p6tential has
been ~found unsatisfa~r~ ~ ma~y mitigation s~t~s, &ccording to
the U. S. Fish a~d~ Wi~life~ ’ Service (~S~WS) . Mitigation..’ ~
measures for completed ~ork~ under Second Phase£’Part ,2 have been:-
doc~ented and are b&ing~ monitored. ’ " ~ ~- ~ } ~      ’ : ~’:~:- ~
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[:S.u~nary of Cumulative Impacts

~., C~ulative impacts include ~hose from the proposed work
:when added to closely related past, present, ahd future proj-

ects. Various studies of the historical and present extent of
riparian vegetation along the Sacr~e~to River agree that less
than :2-3 percent of historical woody ’ riparian habitat area
remains. Given the importance and~ value of woody~ riparian

:~vegetation to wildlife and fisheries :and the great, �~ulative
reduction to date, any further reduction must be considered a
significant adverse impac~.~ :..     ..~.

~-.~ ~ulative past and proposed S~PP bank protection has been
estimated to occupy 44 percgnt of the river banks in the lower
reach~.(~ 0-63) below Sacr~ento,:~39 percent of the banks~be-
tween" Sacr~ento and Colusa.: (~ ~63-143)and 30 percent from
Colusa to Chico Landing (~ 143L194)~: Many individual~ rfver
miles are more than 50 percent occupied by S~PP bank pro-
tection, particularly in ~ 10-50 below SaCr~ento.    When
non-project riprap (i.e., by private interests or recl~ation
districts) is ~ added, as much as 75 ~percent of ,banks b~low
Sacr~ento may be occupied by some fo~ of bank ~protectibn.
Thus,~ in certiin reaches, the c~ulative installa-particularly
tion of bank protection has resulted in a significant c~ulative
loss off_shaded aquatic habitat along banks of the~ Sacr~ento
River. ~
L.V~ ;, - .

~-~. ’Table ~-3 s~arizes mitigation ’reco~endations by USFWS
~ ~f0~ all past S~PP bank protection. No mitigation~ has been

implemented for First Phase work. Congress authorized a program
¯ to~ ~. mitigate First Phase impacts ~ in the Water~- Res0drce
pevelopment Act of 1986. .This program-will be implemente~ by
COE- and The Reclamation ~ Board ~;When ~- funds are appropriated.
Mitigation has been implemented or ~is ;in process for ~all ~Second
~~work units. Habitat restoration found unsuccessfdl~o~;the

k~:~a~i~acres of enviro~ental easements acuuired as miti&~t~0n~for
~WO;M ~Units 27-36 will be ~proved as ~£eco~ended i’d ~0nitb~ing
-~pd~es by USFWS.

Mitigation Reco~e ations

~-i~ ~’~ .Efforts are negded in ~;thre4~ 9reas~to adequately mitigate
~,~or,~:~the signi’ficant ,cumulative impacts .~f ~past bank protection

d ~ ~, mtmgatmon for-, Fmrst :. Phase ~,:Work.-:,:~ Mmtmgatmon by rmparman
~.."5:~abi~.~%_ ree,s~abli~ent w!~, be,,i.imp~e~en~, ~subject to the

~:<~tfming ~and 4xtent ~Sf- funding mad4 avaiiab141 .by ~the Con ress and
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Second Phase Part I Mit!@ation. COE and The Reclamation
Board are tak~ng steps to ensure adequate performance of the
previous mitigation for Second Phase Part 1 work. A total of
231 acres were acquired as environmental easements associated
with this work. These areas are inspected regularly and are
photo-documented by inspectors ensure riparianDWR to that
habitat values are protected.

Second Phase Part 2 Mitigation.    Since 1984, USFWS has
developed specific recommendations of target acreages and other
measures for mitigation of Second Phase Part 2 impacts under the
Fish and Wildlife Coordination Act. The Mitigation Task Force,
consisting of representatives of COE, The Reclamation Board,
USFWS, and DFG, negotiates appropriate mitigation measures and
sites for each work unit. COE and The Reclamation Board could
document on a regular basis (e.g., annually) the status of
implementation for mitigation under each work unit. For exam-
ple, such documentation could be provided in an annua! report on
mitigation implementation.

Conclusion. Continuing implementation of these mitigation
recommendations will reduce the cumulative impacts of the over-
all SRBPP to less-than-significant levels.

!
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Chapter 1

INTRODUCTION

Background of EIR/SEIS IV

The Sacramento River Bank Protection Project (SRBPP) is a
continuing construction project, authorized by the Flood Control
Act of 1960, to provide protection for the existing levees and
flood control facilities of the Sacramento River Flood Control
Project. The Sacramento River Flood Control Project consists of
approximately 980 miles of levees plus overflow weirs, pumping
plants, and bypass channels that protect communities and ag-
ricultural lands in the Sacramento Valley and Sacramento-San
Joaquin Delta.

The SRBPP is a local cooperation project, with a state-
federal cost-share originally authorized byarrangement as
Congress in 1960. The U. S. Army Corps of Engineers (COE) is
the federal participant, whereas The Reclamation Board, a unit
of the Department of Water Resources (DWR), is the state agency
designated for nonfederal responsibilities and ;cost-sharing.
Future construction activities under the SRBPP, thus, require
compliance with both the California Environmental Quality Act
(CEQA) and the National Environmental Policy Act (NEPA).

As described more fully in Chapter 2, a total of 835,000
lineal feet of bank protection has been authorized by Congress
under the First Phase and Second Phase of the SRBPP. Approxi-
mately 132,000 feet of this total authorization remains to be
constructed between River Mile (RM) 0 and RM 194 during
1988-1991.

CEQA requires a state agency to prepare an Environmental
Impact Report (EIR) on any project it proposes to carry out
which may have a significant effect on the environment. NEPA
similarly requires a federal agency to prepare an Environmental
Impact Statement (EIS) on any major federal action which may
significantly affect the quality of the human environment. Both
CEQA and NEPA encourage the respective state and federal
agencies to prepare joint EIR/EIS documents to reduce duplica-
tion of effort.

The Reclamation Board and COE jointly sponsored the prepa-
ration of this EIR/SEIS IV because Of the forpotential signifi-
cant adverse impacts. No comprehensive EIRs have been prepared
by The Reclamation Board on previous bank protection under the
SRBPP (Table I-I). In April 1987, The Reclamation Board fi-
nalized an EIR on about 13,000 feet of bank protection along the
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|
Table i-i. Previous Environmental Documents on the                   ~

Sacramento River Bank Protection Project                          ~;

Document Name Date Filed Subject Covered

Docum~itation Under NEPA Prepared by OOE

Final EIS June 1973 First Phase SRBPP

Amplification Statemexlt May 1975 Second Phase SRBPP

Supplement to Final EIS I April 1979 Water Quality Inpacts to
cc~ply with Clean Water
Act

Supplement to Final EIS II February 1985 Bank protection in the
Butte Basin Reach (Work
Units 39 and 40)

Supplement to Final EIS III Currently Balance of Work Unit 40
in preparation not approved in SEIS II

Record of Decision

Documentation Under CEQA Prepared b.~ the Reclamation Board

Final EIR on Butte Basin December 1986 Plan of Flood Control in
Overflow Area the Butte Basin Overflow

Area

Final EIR on Work Unit 41A April 1987 Work Unit 41A bank pro-
tection in the Delta

!
i
|
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Sacramento River and its sloughs below RM 25. A Final EIR
published in December 1986 evaluated flood relief structures to
be constructed as part of the Plan of Flood Control in the Butte
Basin Overflow Area (RM 176-194). Due to the lack of previous
comprehensive evaluation of the entire SRBPP, The Reclamation
Board has prepared this EIR to comply with CEQA.

COE has prepared a series of EIS documents on previous
SRBPP work to comply with NEPA (Table i-i). NEPA documents
evaluating, project impacts throughout the entire project area
(RM 0-194) were last prepared in 1973 and 1975. Since those
evaluations, substantial new information has become available as
a result of various surveys and studies by COE andresource
agencies such as the U. S. Fish and Wildlife Service (USFWS) and
California Department of Fish and Game (DFG). Therefore, COE
determined that a Supplement IV to the Final EIS on the SRBPP
was appropriate for the balance of proposed Second Phase bank
protection work.

Scope and Objectives of EIR/SEIS IV

EIR/SEIS IV all and bankcovers completed proposed pro-
tection work~under the SRBPP First Phase and Second Phase. This
work has occurred andwill continue to occur along the
Sacramento River and its sloughs from RM 0 at Collinsville to RM
194 at Chico Landing. Minor amounts of bank protection have
been installed and are proposed for project levees along the
lower Feather River, Bear River, Yolo Bypass, and Col~sa Basin
D~ainage Canal.

This EIR/SEIS IV has the following objectives:

i) to describe the feasibility of alternative met~hods of
bank protection along the Sacramento River;

2) to describe and analyze the environmental impacts,
including cumulative impacts, of completed and proposed
bank protection work under ~he SRBPP;

3) to recommend feasible and reasonable mitigation measures
applicable to significant impacts from proposed work or
significant impacts that remain from completed work;

4) to fully complY with CEQA and NEPA in providing the
above documentation and analysis; and

5) to prepare a comprehensive environmental review document
on the overall.SRBPP that integrates all previous analy-
ses and study results.

The upstream limit of SRBPP bank protection work occurs at
RM 194 at Chico Landing. Bank protection installed upstream of
Chico Landing to Red Bluff (RM 243) is authorized under separate

1-3
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federal legislation, the Flood Control Act Of 1958 and~the Water
Resource Development Act of 1976. The work in this upper reach
of the Sacramento River, upstream of the flood control levees,
is known as the "Chico Landing to Red Bluff Project," and has
different purposes than the SRBPP. The "Chico Landing to Red
Bluff Project" is not covered by this environmental document.

Guidelines for a Program EIR/EIS

This EIR/SEIS IV is organized as a "Program EIR" to achieve
the objective of. full compliance with CEQA and NEPA for all
future work under the SRBPP (see CEQA Guidelines Section 15168).
Bank protection work proposed, to complete the Second Phase of
the SRBPP may occur at more than i00 sites within RM 0-194

’during the period 1988-1991. Actual construction sites will not
be finalized until the winter before construction, although COE
has tentatively identified about 115 sites with high protection
priority. For example, work sites for 1990 will not be precise-
ly and firmly known until January of that year.

Future work, thus, qualifies for coverage in a Program EIR
because it comprises a series of "individual [construction]
activities carried out under the same authorizing...authority
and having similar environmental;effects which can be mitigated
in similar~ ways" (CEQA Guidelines Section 15168[a] [4]). Al-
though environmental resources vary in character and value from
site to site along the project reach, the Program EIR will
attempt to encompass the breadth of these resources, and thus
the potential impacts on them. Similarly, the Program EIR can
identify appropriate mitigation measures to cover the probable
range of possible impacts, even for construction sites iden-
tified several years hence.

The program EIR approach is especially suitable for t~e
remaining SRBPP work at sites only tentatively identified and
for which actual protection has not yet been designed. Future
flood events may change protection priorities, resulting in
relocation or adjustments at some of the tentatively identified
sites.    A flexible impact assessment approach is therefore
needed.

The CEQA Guidelines specify the steps a lead agency should
follow to ensure that CEQA compliance is fully provided by the
Program EIR and to help ensure that no further environmental
documentation is required (CEQA Guidelines Section 15168 [c]).
These steps are to:

i) prepare the Program EIR to encompass all possible ef-
fects of future activities~ under the program and all
appropriate mitigation measures for those future activ-
ities;

1-4
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2) ±ncorporate feasible mitigation measures and alterna-
tives developed in the EIR into subsequent activities
carried out under the program;

3) use a "written checklist or similar device" to document
the evaluation of sites of future activities and to
determine whether environmental impacts of the activ-
ities are within .the range encompassed by the Program

4) if future activities are found to be within the range of
impacts and mitigation describedin the Program EIR, no
further environmental documents under CEQA would be
required; but

5) if a later activity at a site would have effects beyond
the range examined in the Program EIR, a new Initial
Study and either a new EIR or Negative Declaration would
be required.

Whereas the CEQA Guidelines regarding program environmental
documents are more detailed than the Council of Environmental
Quality implementing NEPA, sets guide-Guidelines for the two of
lines are fully consistent. If, under CEQA, a lead agency would
have to do an Initial Study because an action had not been
covered by the Program EIR, an Environmental Assessment would
have to be prepared to comply with NEPA. Environmental docu-
ments of this kind should not be needed for remaining Second
Phase work after completion of this EIR/SEIS IV.

Public Involvement

Public involvement for the EIR/SEIS IV process has or will
include the foliowing steps:

I) The Reclamation Board published a Notice of Preparation
(NOP) under CEQA on September 25, 1986;

2) COE released a Notice of (NOI) to prepare an EISIntent
to the public and the agencies on September 24, 1986;

3) comments were received from agencies in response to the
NOP/NOI;

4) COE mailed a letter requesti~g~ scoping comments for
EIR/SEIS IV to its mailing list of concerned individuals
and organizations on September 24, 1986;

5) twelve comment letters were~received in response to the
scoping letter;
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6) a public scoping meeting was held in Sacramento,
California on January 8, 1987, at which time seven
individuals offered comments;

7) a Draft EIR/SEIS IV will be widely disseminated to
concerned agencies, organizations, and .individuals;

8) two public hearings will be held to receive comments on
the Draft EIR/SEIS IV, one in Sacramento and one in
Colusa.

~r@anization of EIR/SEIS IV

This document is organized to comply with content require-
ments of both CEQA and NEPA, but conforms most closely with the
alternatives-emphasis approach of NEPA, as follows:

o Chapter 2 describes the need for and purpose of the
proposed bank protection work under the SRBPP.

o     Chapter 3discusses a range of bank protection methods that
are available or experimental.    Criteria for selecting
feasible methods to correct siterspecific erosion problems
are described. Finally, sets of feasible river management
strategies and bank protection methods for different reach-
es of the project area are identified.

o     Chapter 4 examines the range of alternative bank protection
scenarios, their impacts, and costs.    It summarizes the
types of significant impacts that may be expected to occur
at future work sites, and summarizes the appropriate steps
in mitigation. A process is described by which to apply
the findings of this Program EIR/SEIS IV to construction
sites selected in the future; this process involves, a
review of impact types and selection of appropriate mitiga-
tion measures. Application of this process will maximize
the likelihood that further environmental documentation
under CEQA or NEPA will not be needed.

o     Chapter 5 evaluates cumulative impacts of all past and
future bank protection work and recommends mitigation
measures for significant adverse.impacts that remain~

o     Chapter 6 describes the affected environment within the RM
0-194 project reach; the range of important environmental
resources possible at future construction sites is iden-
tified.

o     Chapter 7 discusses.the generic environmental consequences
of alternative bank protection techniques,.given the pres-
ence of different kinds of environmental resources at bank
protection sites. This provides the basis for impact and
mitigation summaries in Chapter 4.
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O Chapter 8 describes the legal requirements for environ-
mental review, consultation, and permits for future work
under the SRBPP and how compliance with the requirements is
assured.

Intended Uses of EIR/SEIS IV

The Reclamation Board and COE will use this EIR/SEIS IV in
their decision-making about future bank protection work under
the SRBPP (Work Units 41B-47). The EIR/SEIS IV will also be
used to acquire any necessary state permits (e.g., possibly a
permit from the State Lands Commission). USFWS and DFG will use
this document in conjunction with construction plans and speci-
fications for individual work sites in consultation with The
Reclamation Board and COE under the Fish and Wildlife Coordina-
tion Act and both state and federal Endangered Species Acts.
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Chapter 2

"NEED FOR AND PURPOSE OF THE
PROPOSED ACTION

The Sacramento River Bank Protection Project

The Sacramento River Bank Protection Project (SRBPP) was
authorized by the Flood Control Act of 1960 (Public Law 86-645)
for the specific purpose of protecting the existing levee system
and associated flood control facilities of the Sacramento River
Flood Control Project (Figure 2-1). The Flood Control Projec.t,
authorized by the Flood Control Act of 1917, encompasses levees.,
weirs, and overflow areas from River Mile (RM) 0 nearoCollins-
ville at the confluence of the Sacramento and San Joaquin Rivers
to RM 176 on the east bank and RM 184.5 on the west bank of the
Sacramento River near Chico Landing. The Flood Control Project
also includes levees on parts of the American, Feather, Yuba,
and Bear Rivers as well as on the Sacramento River distribu-
taries in the Delta (Sutter, Georgiana, Steamboat, and Miner
Sloughs).

The Flood Control Project protects low-lying areas of the
Sacramento Valley and the Sacramento-San Joaquin Delta from
damaging floods. These areas contain large urban populations
and industrial-commercial developments in and around cities such
as Sacramento, Colusa, and Walnut Grove as well as extensive
agriculture operations. A large infrastructure of highways,
railroads, airports~, water systems, and gas wells is present. A
levee break during high. water would threaten these populations
and developments. The floods of February 1986 suggested the
type of damage that can result from high water and levee breaks
in the Sacramento Valley (DWR 1986).

Under the First Phase of the SRBPP, 430,000 lineal feet
(about 81 miles) of bank protection were authorized tO be in-
stalled between 1960 and 1975 along the Sacramento River and
associated sloughs. The Second Phase of the SRBPP was au-
thorized by the River Basin Monetary Authorization Act of 1974
(Public Law 93-251). This Act funded an additional 405,000
lineal feet of bank protection within the same reach of the.
river and also provided that up to i0 percent of construction
costs could be spent to mitigate environmental impacts from the
SRBPP, such as loss of riparian vegetation.

In 1983, Public Law 97-377 extended the authorized SRBPP
work area upstream to RM 194 at Chico Landing to allow bank
protection in the reach where overflows to the Butte Basin to
the east occur during high flows in the Sacramento River. A
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proper division of flows is necessary in this reach to prevent
excess flows from entering the leveed portion of the river ~nd
thus threatening the integrity of the downstream levee system.
Channel conditions and bank protection purposes in the Butte
Basin reach were described in COE (1985) and Woodward-Clyde
Consultants (1986).

As authorized by Congress in 1960, the SRBPP is a local
cooper~ation project whereby the federal government has ¯provided
two-thirds of construction costs, with COE designing and con-
tracting.for the bank protection work. The State of California,
acting through The Reclamation Board, is the local sponsor; the
Board has provided lands, easements, and rights-of-way needed
for the work, and cash if necessary to fulfill the State’s
one-third share of total project costs. In the future, this
cost-sharing will change to three-quarters federal contribution
and one quarter state contribution, as specified by the Water
Resource Development Act of 1986. The Reclamation Board also
operates and maintains the bank~ protection after it is in-
stalled, including "environmental easements" providing mitiga-
tion for impacts to riparian wildlife habitat.

In terms of the levee system, the Sacramento River can~be
subdivided into several distinct reaches (Table 2-1). Bank
protection under the SRBPP is authorized in three reaches up to
RM 194; only the upper 18 miles on the east side of the river
.(RM 176-194) and the upper i0 miles on the west side (RM
184-194) are not presently leveed. Nonproject levees construct-
ed by private entities also occur in the SRBPP area.

Status of SRBPP Bank Protection Work

The status of bank protection work under the SRBPP is
summarized in Table 2-2. Approximately 704,000 lineal feet of
bank protection has been installed or will be under contract for
construction by May 1987 (Veres pers. comm.). First Phase work
encompassed the authorized 430,000 lineal feet of bank p~o-
tection in 26 Work Units. A Work~ Unit is the group, of bank
protection installations contracted to a single contractor and
usually installed within a 2-year period. Second Phase (Part I)
work in Units 27-36 encompassed about 185,000 feet installed
during the period 1975-1982. Bank protection under Work Units
37-41A (Second Phase Part 2) will total about 89,000 feet either
constructed or under contract for construction by May 1987. An
additional 14,000 feet under Work Unit 40B is proposed at five
sites in the Butte B~sin Reach as described in SEIS III/EIR (COE
1987a).

A balance of about 117,000 lineal feet of the total SRBPP
authorization is covered by this EIR/SEIS IV. The presently
identified work constitutes about 106,000 feet (Tables 2-3 and
2-4). This. bank protection (Work Units 41B-47) would be in-
stalled during 1988-1991 at sites interspersed among previously

2-3
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Table 2-1. Reach Characteristics of the Sacramento River

River Miles Channel Characteristics Bank Protection Authorization

0 - 60 River channels and sloughs tightly Sacramento River Bank
(Collinsville - Sacramento) constrained by levees; no channel Protection Project

migration and no no~mal bank erosion or
sediment deposition.

60 - 145 Generally as above with several Sacramento River Bank
(Sacramento - Colusa) exceptions where levees are set back Protection Project

across historic meander bends; very
little channel migration; flat channel
gradient and sand channel bed.

145 - 194 Setback levees (up to 1 mile apart) Sacramento River Bank
(Colusa - Chico Landing) except where absent above RM 184 (west) Protection Project

side) and RM 176 (east side); channel
somewhat free to migrate except where it
confronts levees; s~ne bank erosion and
sediment deposition; natural levees¯ and
relatively stable channel existed prior
to levee construction; gravel bed up-
stream grades to sand bed downstream;
river~ somewhat higher in elevation than
Butte Basin to the east and Colusa
Trough to the west due to natural levee
formation.

194 - 245 Chico Landing to Red Bluff
(Chico Landing - Red Bluff) No natural or artificial levees; Project

relatively steep channel gradient;
gravel channel bed (salmon spawning
habitat) ; dynamic channel migration and
bank erosion/sediment deposition.

Sources: Brice 1977;,DWR 1984; Schummand Harvey 1986.



Table 2-2. Status of Bank Protection Work Under the Sacramento River
Bank Protection Project in February 1987

Authorized Cc~pleted Proposed
Work Phase Work Units Li~eal Feet Lineal Feet Lineal Feet

First Phase 1-26a 430,000 430,000

Second Phase

Part 1 26a-36 185,450

Part 2 37-41A 88 ~ 610b 13,670c

41B-47 ii0,500d

Second Phase Subtotals 405,000 274,060 124,170

Totals 704,060 124,170

Grand Total 835,000 828,230

Sources: Various COE doctm~nts and Veres (pers. c~. ).

a A portion of Unit 26 was completed under the Second Phase authorization.

b Scme later portions of this work will be under contract for construction
if not actually completed by May 1987.

c This footage proposed at five sites in the Butte Basin Reach as described

in SEIS III/EIR (~0E 1987a).

d This footage tentatively proposed at more than I00 sites up to RM 168 as

described in this EIR/SEIS IV.
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Table 2-3. Proposed Bank Protection Covered by EIPJSEIS IV an Sacramento River and Sloughsa

Sacramento River Steamboat Slou~h Sutter Slou~h . Geor~iana Slou~h
Proposed Year Limits of Work No. of    Limits of Work No. of Limits of Work No. of Limits of Work No. of

of Construction Work Unit     (River Miles}    Footage    Sites    (Slough Miles)     Footage Sites (Slough Miles} Footage Sites (Slough Miles} Footage     Sites

1988                  41B 15.3 - 20.2 3,120 4 19.8 - 25.9 4,300 6 22.2 - 24.6    2,625 2

1988 42 7.8 - 56.0 16,960 18 ............ 2.4 - 11.7     6~470          8

1988 s~btotal 7°8 - 56.0 20t080 22 19.8 - 25.9 4,300 6 22.2 - 24.6    2,625 1 2.4 - ii.7     6,470 8

1989 44 71.7 - 143.2 19,850 27 ..................

1989 45 16.3 - 62.0 7,050 11 16.3 - 25.1 2,800 2 ...... 2.2 - 11.5     6,200 8

1990 46 129.3 - 168.4 12,460 14 -- ................

1989-90 subtotal 16.3 - 168.4 43,~0 56 16.3 - 25.1 3,900 3_ 24.5 - 27.2 5,200 4_ 2.2 - 11.5 6,200 _8

Source: Veres (pets. comm.)
a Work sites are tentatlvely identified and may shift or be enlarged with changes in bank protection priorities in subsequent years.



Table 2-4. Proposed Bank Protectimn Covered by EIR/SEIS IV on Feather River, Yolo Bypass, and Colusa Drainage Canala

Feather River (east hank) Yolo B~ass Colusa Basin Drainage Canal
Proposed Year Limits of Work No. of Limits of Work No. of Limits of Work ’ N~. ofof Construction Work Unit (River Miles) Footage Sites (Slough Miles) Footage Sites (Slough Miles) Footage Sites

1988 41B .................

1988                   42
Sacto Bypass to

1988 43 0.9 - 6.4 ~,000 5-- Fremont Weir 5,000 ND .....

1988 subtotal 0.9 - 6.4 5,000 S Sa¢to Bypass to 5,000 ND ......
Fremont Weir "’

1989
44¯ ............ 3.0 - S.0 4,000 ND

1989 45 ...............

1990 46 .................

1990 47 .................

1989-90 subtotal ......... ’ -- 3.0 - 5.0 ’ I
~etat o.9 - 6.4 ~ 5- -- ~ ~D 3.0 - 5.0 ~

Soorce: Veres (pets.

I~D ~ not detemined
a Work sites are tentatively id~ti~i~ ~d ~y shift or be e~l~ wi~ ~s In b~ prot~tlon priorities In ~s~ y~s.



constructed sites. About 63,000 feet of the total presently
identified work would be installed on the Sacramento River
between RM 7.8 and RM 168.4 at the Butte City Bridge (Ta-
ble 2-3). The balance would be installed on Steamboat, Sutter,
and Georgiana Sloughs in the Delta, and along the lower Feather
River,. the Yolo Bypass, and the Colusa Basin Drainage Canal.
Work sites were tentatively identified as of March 1987 and may
shift.or be enlarged up to the full authorization with changes
in erosion and corresponding bank protection priorities in
subsequent years.

Need for and Purpose of Proposed Work

The underlying need for the proposed bank protection work
is to maintain the integrity of the Sacramento Flood Control
System, including its levees, bypasses, and overflow areas. To
maintain the system’s integrity, COE and The Reclamation Board
jointly must act to maintain levees in good repair and free from
defect. Thus the purpose of the bank protection work proposed
for 1988-1990 is to correct erosion problems on levees and
immediately adjacent banks that may lead to levee breaks and
resulting losses of life and property.

COE attempts to identify erosion problem sites before they
become so critical as to require emergency repair.    Prompt
action at problem sites allows effective planning and implemen-
tation of construction activities and environmental protection
and mitigation measures. For example, if levee erosion has
progressed to cause an oversteepened slope or cutbank on a
levee, larger excavations or greater amounts of fill will be
required to restore the desired levee slope. This in turn may
cause greater environmental impact as well as greater mainte-
nance cost. Thus, early identification of erosion sites may
minimize the extent and severity of bank protection work and
thus allow retention of more valuable riparian vegetation.

,!
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Chapter 3

ALTERNATIVE METHODS OF BANK PROTECTION

Introduction

""Bank protection, as the term is used in this report, is
broadly defined to include armoring of banks, as well as tech-
niques to modify or avoid the erosive forces of the river. A
variety of flow conditions, erosion problems, and biological
resources are present along the Sacramento River and sloughs.
The most appropriate bank protection method for any particular
location depends on site-specific conditions and is chosen on
the basis of engineering, environmental, and economic factors
considered together in an integrated fashion.    These three
factors are also germane in defining overall strategies for

the river is addressed in themanagement of system, as final
section of this chapter.

The descriptions of bank protection methods, data, guide-
lines, and alternatives presented in this chapter were developed
through a cooperative investigation by Leedshill-Herkenhoff
Consulting Engineers and Jones & Stokes Associates. The litera-
ture sources drawn upon by this team are listed in the final
section Of Chapter 10, "References."

Many bank protection methods have been successfully used in
various river regimes. Table 3-1 lists the alternative bank
protection methods mentioned in the literature. This list was
compiled without consideration of the erosion problems or char-
acteristics along the Sacramento River system. Thus, Table 3-i
contains many bank protection methods that are not suitable for
the Sacramento River. An extensive list of literature related
to general bank protection methods is presented inAppendix A of
"Final Report to Congress, Streambank Erosion Control Evaluation
and Demonstration Act" (Chief of Engineers 1981).

Selectin~ Feasible Bank Protection Methods

Selection of appropriate bank protection methods for a
specific site depends on several considerations:

o the cause of, and degree advancement of, the erosionof
problem occurring at the site;

o hydraulic characteristics of the channel and patterns of
streamflow;

C--07201 9
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Table 3-1. Bank Protection Methods Considered

Revetments Subsurface soil stabilization
Riprap Sheet piling
(several configurations) Timber piles

Concrete and c~nent products Grouting
Concrete pavement Soil cement trenches
Concrete armor units
Sacked concrete Bulkh~ds
concrete mattresses Concrete

Articulated mattresses Asbestos
Pillc~ mattresses , Gabion

Soil cement Metal
Gunite Timber

Asphalt products Reinforced earth
Pavement
Blocks
Mattresses FLOW MODIFICATION:

Geotextiles
Filter cloth Groins
Erosion resistant matting Impermeable
Mattresses Rock

Wire-encased riprap Low rock
Gabions Gabion
"Reno" mattress Hard points
"Sausages" Permeable

Clay blanket Fences
Vegetation Timber
Other Palisades

Chemicals Vanes
Fiberglass
Lime
Used auto t~res Retards
Automobile bodies Jacks
Ceramic materials Tetrahedrons
Timber-and-brush mattresses Open frames
Log-and-cable mattresses ~ Cribs
Slag

C mbinations
Rock and vegetation SET-BACK IEVEES
Geotextiles and vegetation
Rock and concrete

C--072020
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O properties of materials comprising the banks, channels,
and levees;

o constraints imposed by adjacent improvements;

o staging and construction needs;

o the value of the biological and other resources at the
site;

o the status of biological resources in the vicinity and
in the river system;

o costs and technical feasibility of alternative methods;
and

o current authorizations.

These factors and their relative importance change from
location to location along the Sacramento River system. The
general conditions that pertain to the 115 sites tentatively
identified for protection along the river ~system were con-
sidered in selecting the feasible alternative types of bank
protection. These conditions are described in Chapter 6, "Af-
fected Environment." Factors that are important in determining
the feasibility of a given bank protection method at a site are
summarized in Table 3-2 and are briefly discussed below.

Cause and De~ree of Erosion

The cause of the erosion problem is a major factor that
~must be considered when selecting an appropriate protection

method. For the Sacramento River, most of the erosion problems
are initiated by impingement of the primary flowline on the
hanks due to streamcourse geometry, irregularities in the flow
regime that generate local turbulence, or wind-blown waves or
waves caused by boats. Erosion initiated by these forces is
then exacerbated by floodflows, often substantially. If erosion
is initiated by waves, bank protection techniques that rely on
redirecting river flow probably would not be effective; armor-
ing, however, would be effective. If erosion is initiated by
local turbulence, removal of the source of turbulence may be
more effective than armoring. If the erosion is initiated by
impingement of flows against the bank, then flow modification
may be a practiCal control method.

The degree of advancement of the erosion problem is also
considered. For example, where an exposed cutface on a bank
extends only slightly above the wavewash zone and higher flood
scour is not occurring, armoring the bank to this height may be
sufficient, especially if a higher frequency of periodic mainte-
nance is possible.    Where undercutting and floodflows have
caused tall cutbanks to develop, armoring techniques are appro-
priately extended to high flow levels.

3-3
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Table 3-2. Factors to be Considered in Selecting 1
Feasible Methods of Bank Protection

Factor Source or Relevant Consideration

i. CAUSE AND DEGREE OF EROSION: 1
Waves Boats, wind 1
High flow velocities Confined channel, relatively steep gradient, flood stage 1Impinga~ent of flow Meanders, channel ben~s
Turbulence Irregular banks, bridge piers, irrigation intake structures
Local runoff Local watershed changes, tributary watercourse develo~rent
Degree of advancement How extensive is exposure of bank/levee soils?

m                           1
2. HYDROIEGIC AND H~DRAULIC:

Flow velocity and direction Forces that n~st be protected against
Flow variation Natural streamflow regime, flow regulation
Tidal characteristics Tidal range, salinity

1
3.’ MATERIALS PROPER~IES:

Bank/levee erodibility Vegetation, cohesiveness, grain size
Bank/levee stability Bank steepness, height, cohesiveness, fczlndation settl~-nt
Bed erodibility/stability Can protection be undermined?

4.

Existing bank protection C~z~patibility, transitions
Land use in proximity Agricultural, urban, transportation, developed recreation sites
Topography Are set-back levees possible?

1

Size Major or minor construction project
Accessibility Land or boat/barge access
Construction requirements Equipment, access, materials sources

6. RESOL~K~ VALUES:
I

Resource context Continuity of remaining biotic resources in the vicinity? 1
Offsite compensation Effectiveness of feasible c~mpensation

Reliability, estimated life Met!~d in experimental or operational phase? I1
Costs: installation, maintenance, Ieast costly acceptable alternative

resource loss compensation
Value of improvements protected Is "no project" an acceptable alternative?

118. AUTEDRIZATIONS

Congressional authorization Is method currently authorized for use under SRBPP?
Approval by COE’s Division or "

Washington offices Justification and time required for additional approvals?
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Hydrologic and Hydraulic Environment

Hydrologic and hydraulic factors must be considered w~n
selecting an appropriate bank protection method. For exar~p.~,
the velocity of flow that is causing erosion will dictate whe~
er vegetation can be used to prevent erosion or if a more ero-
sion-resistant material, such as riprap, is needed. The hydrau-
lics of flows around bends are fairly well understood; erosion
at the outside of a bend is expected if the bend is located in
erodible material. Other hydraulic factors, such .as channel
restrictions that may result in high flow velocitie#~ flow
accelerations, or turbulence, are also considered in ba~ pro-
tection design.

Materials Properties

The engineering properties of the river ~hannel bed and
banks also affect the appropriate design of .bank pz’otection
projects. The erodibility and stability of the bank or levee to
be protected (i.e., its height, steepness, cohesiveDess, and
potential for settlement) are important factors to be con-
sidered. The stability of the river bed adjacent to ~D ,eroding
bank is evaluated in terms of the risk of ~ndermining ~.’oposed
bank protection works.

Existin@ Improvements and Terrain

In many instances, currently proposed bank protecti~ ~ites
are on short reaches of bank or levee between previou~!~ con-
structed bank protection works. In these insta~ces~0 t~ pro-
posed protection must undergo a transition into -the previ6~.sly
constructed protection, thus limiting ~ the methods that can be
used.

Current land use and topography are other factors that are
considered in selecting a suitable ba~k proteq.~ion method.
Bridges, marinas, and irrigation facilities may be located
within the leveed floodway and may affect the ph~._sical suit-
ability of. some methods.    Land adjacent to the -~_river reach
requiring protection may contain urban, transportatio~n, or other
high value improvements that would economical]ty prohibit set-
back levees as an alternative bank protect_ion method. If the
terrain decreases in elevation away from ~he river, set-back
levees would have to be higher and iarg~r than the existing
ones, thus making them economically prohibitive, even if the
land use is suitable.

Sta@in9 .and Construction

The size of bank protection sites, accessibility, construc-
tion staging needs and costs, and materials sources are
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considered when determining feasible alternatives. Sites down-
stream of the City of Sacramento are generally accessible by
barge for riprap projects at higher cost, whereas river depths
upstream require land-based construction access. The amount of
offsite disturbance that will occur relative to the project
size, the amount of grading that will be required, and the
quantity of construction materials needed and their availability
are all important considerations.

Resource Values

Protecting the existing levees from erosion, the fundamen-
tal purpose of bank protection, is commonly integrated with
protection of resource values; this affects the choice of bank
protect.ion method at any given site. The value of biological
resour~:es., both in terms of habitat diversity and regional
contin’aity, may favor the use of a more difficult or costly bank
protection method that provides equal erosion protection. The
presence of riparian woodlands, shaded aquatic habitat, and
habitat for special-status plant and wildlife~species, especial-
ly in reaches where they have been diminished to the point of
scarcity, are examples of high-value biological resources along
the ~acramento River.

Some bank protection methods can ensure that these re-
sou.rces will remain largely undisturbed, whereas others require
their alteration or nearly complete removal. The use of bank
protection methods that preserve these resources in their pre-
sent condition and position may be more effective in assuring
their long-term viability than compensation elsewhere. Mainte-
nance, or even restoration of the linear continuity of these
riparian habitats along the river, is crucial to their resource
values.

Other resource values, including aesthetic, recreational,
and cultural resources, are also considered. For example, the
retention orreestablishment of vegetation may be desirable as
an aesthetic amenity at a site bordering an area of high public
use.

Technical Feasibility and Costs

A selected method must be technically able to control the
identified erosion problem at a site over a predictable period
of time.    C,ost comparisons, including costs for mitigating
impacts, are used to identify the least-costly acceptable alter-
native(s) at a given site.

Some bank protection methods are in an experimental or
demonstration stage; their use is considered only on a condi-
tional basis.    Feasibility and costs, especially maintenance
costs, are presently unknown for experimental techniques. In
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low risk situations, it may be desirable to use an experimental
alternative at several somewhat different sites to allow fea-
sibility and cost comparisons among types of sites in the fu-
ture.

Authorization

COE follows a proposal-review-approval process for bank
protection as for other work to ensure high quality and long-
lasting construction. Currently only riprap bank protection
methods have been recommended by the Sacramento District and
approved by the COE’s South Pacific Division command, although
the congressional authorization more broadly authorizes the use
of "bank erosion control works and setback levees .... in accor-
dance with the recommendations of the (COE) Chief of Engineers
in House Document 93-151" (Public Law 93-252, March 16, 1974).
The recommendations urge that special consideration be given "to
protecting and preserving berm areas with riparian vegetation
insofar as practicable consishent with protecting critical levee
areas" (p. 39).

The of bank method other than wouldprotection riprapuse a
require approval of both COE and The Reclamation Board, both for
experimental/demonstrational use, and, if successful, for more
widespread operational use.    Such approval would require a
showing that an alternate method was comparable to riprap in
terms of cost, reliability, maintenance, and perhaps other
factors (Veres pers. comm.).

Potentially Feasible Bank Protection Methods
on the Sacramento River

The bank protection methods listed in Table 3-1 were evalu-
ated -by the EIR/SEIS IV study team and a limited number were
selected as being potentially feasible for use along the
Sacramento River system. Selection was based on criteria pre-
sented in the previous section and many of the methods were
determined to .be inappropriate for consideration along the
Sacramento River system.

Bank protection methods for further consideration for use
in the SRBPP fall into three general categories:

i. Armoring or revetment, which enables the bank to with-
standthe erosive forces of flows or waves;

2. Flow modification, which directs the erosive forces away
from the bank; and
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3. Setting back levees to relocate the flood control em-
bankments requiring protection away from constant
erosive forces, thus subjecting the embankment to ero-
sion flow only during occasional floods.    Moreover,
levee setback results in increased floodflow capacity,
which results in slower velocities and reduced erosive
forces.

Armorin@

Rock riprap, gabions, and vegetation can be feasible meth-
ods of armoring a bank against erosion.

Riprap. Rock riprap consists of a layer (or layers) of
quarry rock which is placed on the bank to be protected. If the
slope of the bank is irregular, the bank is graded before place-
ment. The size of rock to be used in the armoring layer is a
function of the flow velocities and the wave action occurring at
the bank. COE has determined specific rock sizes and thickness-
es of armoring layers to be used for the SRBPP depending on
expected streamflow velocities. To protect against wave action,
a thicker riprap layer is sometimes specified.

To prevent fine bank material from being eroded from under-
neath the coarser armoring riprap, one or more sand and/or
gravel filter layers are sometimes provided. Geotextile filter
cloth, which is a woven, porous fabric, may also be used as a
filter layer ....

Riprap has been by far the most widely used method.of bank
protection due to proven effectiveness and relatively low cost.
The Chief of Engineers (1981) lists other advantages of riprap:

o The riprap blanket is flexible and is neither impaired
nor weakened by minor changes of the bank resulting from
settlement or other minor adjustments.

o Local or spot damage or loss is easily repaired by the
placement of more rock.

o Construction is not complicated, and no special equip-
ment or construction practices are necessary.

o If riprap.is exposed to water, vegetation will often
grow through the rocks, adding structural value to the
bank material and restoring natural roughness.

o Riprap is recoverable and may be stockpiled for future
use.

The cross-sectional configuration of riprap can be designed
in various ways, but in all cases it extends to a toe trench at
the bottom of the river channel. This ensures that the rock
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does not sink into soft bed material or is not undercut by bed
erosion. The finished slope of a riprap bank can sometimes be
as steep as 1.5 horizontal to 1 vertical, although COE normally
constructs riprap banks no steeper than 2 horizontal to I verti-
cal along the SRBPP area. A steep riprap slope is less stable
and, therefore, is only used when flow velocities are suffi-
ciently low to indicate that the steep slope still provides a
prudent factor of safety.

The height that riprap is placed up a levee or bank can
vary substantially.    The height to which riprap should be
provided is site-specific and is best determined from I) obser-
vations of erosion surface heights, 2) observations of vege-
tation resistance to floodflow scour, 3) inferences as to the
initiating cause of the erosion, 4) hydraulic analysis of the
design flow at the specific site, and 5) estimation of con-
struction and maintenance operational needs.

Many locations along the Sacramento River have a "berm" of
varying width between the main channel bank and the flood con-
trol levee. A berm is the remnant of the natural floodplain
between the riverbank at low flow and the levee Figure 3-1).
Depending on the berm width, flow depth, and amount of vegeta-
tion on the berm, flood flow velocities in the overbank berm
area can be substantially less than in the channel area. If
flow velocities in the overbank area are low enough so that
existing or planted vegetation can adequately protect levees
from erosion, riprap protection may need only extend up to the
top of the main channel bank.

If, however, fl0w velocities are too high to be resisted by
vegetation, riprap protection must extend somewhat beyond the
sustained high water line or even the design-flood high water
level, where these elevations are above the top of the bank
(Figure 3-1).    If floodflows are simply removing material
exposed by wave action undercutting at periods of low flow, and
scallop heights are still relatively low, bringing the~ riprap
protection only to the top of the high tide wavewash zone at
normal flow may be sufficient.

Use of the lower rock methods, however, may require a
commitment to ~a higher level of periodic rock replacement in
some instances. This is because erosion can occur above the
rock, as has been experienced at.some recent low rock instal-
lations in the lower Sacramento River, and at some sustained
high water line installations along the upper river.

In many situations, riprap can be designed on a site-
specific basis to preserve or expand riparian vegetation.
Figure 3-2 shows the two major configurations of riprap protec-
tion. In Figure 3-2A, berm vegetation is not preserved because
the riprap configuration entails cutting the bank away to
achieve the proper slope before laying rock. In Figure 3-2B,
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A. Levee Without Berm (Lower River)
t

LEVEE CROWN

¯ ^.n~,n~ ~ DESIGN FLOOD WATER ELEVATION I

~,- . -.o~., ._LOW wA~gR~~o___E.-
¯ ~ ....... CHANNEL

I

B. Levee With Berm (Lower .River)
I

C. High Bank and Setback Levee (Upper River)

DESIGN FLOOD WATER ELEVATION-~’- LEVEE       --," ........

NEAR VERTICAL/,,,#~I~ WAT.E_,~R EL_~EVATIO"ERODED BANK      "~    ~. ,~, p, oTTOM__.,.,....,,~

FIGURE 3-1. EXISTING STREAMBANK CONFIGURATIONS i
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FIGURE 3-2A
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m FIGURE 3-2B
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TOE
OF LEVEE
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FILL LOW WATER SURFACE
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FILL

LEGEND
- ORIGINAL GROUND

Q VEGETATION RETAINED (if construction
TOE

access from river. Land based construction TRENCH
¯ --------. FINISHED GROUND entails additional losses.)

~ STONE PROTECTION           VEGETATION LOST
NOT TO SCALE

FIGURE 3-2. BANK-CUT AND BANK-FILL RIPRAP CONFIGURATIONS

I
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berm vegetation is largely preserved by using fill to achieve
the needed slope, and only bank vegetation is removed.

The fill configuration, used to either preserve or restore           1
the berm, may encroach upon the main channel and diminish its
hydraulic capacity. Dredging of channel bottoms to obtain fill          1
material may, however, temporarily offset this effect. In any
case, the fact that berms have been gradually eroding away on
the Sacramento River indicates that they will often be replace-          1
able without seriously reducing channel capacities.

Much less fill is needed to prepare the proper.graded slope
beneath a low rock revetment; this also preserves bank vege-          ’l
tation and keeps the water line much nearer any shading vege-
tation on the existing bank, as depicted in Figure 3-3.

ll

In situations where the berm has eroded away entirely and          I
erosion has attacked the levee, a bank-cut configuration cannot
be used. The various bank-fill options described above are          1
still applicable (Figure 3-4).

Construction of a riprap project startswith clearing and
stripping of vegetation on the bank on the levee to be protected          1
and on the area adjacent to the bank to allow access to the
site, facilitate construction, and/or provide staging areas for
construction equipment and materials. Upstream of the City of          1
Sacramento, riprap protection must be constructed from the
landside of the channel bank.    A continuous strip must be
cleared along the top of the prepared slope to allow truck
access to dump the rock on the slope and to allow equipment          l
access to spread and position the rock. In addition, larger
areas must be cleared about every 50 feet to allow for dragline.
setup for dredging the toe trench and preparing the underwater          ~l
slope.

Along the sloughs and river downstream of Sacramento,          l
riprap can be placed from a barge at greater expense. In this
case, only the vegetation on the area to be protected, and any
overhanging vegetation that may interfere with.construction, has
to be cleared. During the clearing process, all vegetation,          I
debris, or other material is removed unless some selected areas
are designated to be undisturbed. Selective clearing can be
used to retain small isolated areas of existing vegetation, but          l
flow velocities expected at the uncleared areas must be consis-
tent with the erosion-resistant capabilities of the retained
vegetation.

Following stripping, the site is excavated and/or filled to          I
the desired slope, and the toe trench is excavated. The slope
is covered with rock starting at the toe trench and working         1
upslope. Rock is delivered to the site either by barge or truck
and dumped on the bank. Some reworking of the dumped rock may
be necessary to attain maximum density and stability of the          1
finished riprap blanket. On the Sacramento River, stone is used
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FIGURE 3-3A

BERM
OF LEVEE

LOW WATER SURFACE

TOE TRENCH

FIGURE 3-3B
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OF LEVEE GABION CAP

LOW WATER SURFACE

LEGEND                                                                                                                        TOE TRENCH
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NOT TO SCALE

FIGURE 3-3. LOW BANK-FILL RIPRAP CONFIGURATIONS

3-13

C--072031
C-072031



i
Bank-Fill to Sustained High Water Line

i
LOW WATER SURFACE

!

BerT Restoration I

.,_. LOW WATER S RF~,. !

I
Low Bank-Fill

I
LOW WATER SURFACE

Gabion Capped Low Bank-Fill !

LOW WATER SURFACE I

I
NOT TO SCALE I

I
FIGURE 3-4.    CONFIGURATIONS WHERE BERM IS ABSENT                      I

(LEVEE EROSION ALONG LOWER RIVER)
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for all fill material placed below the 16w water line at the
time of construction (See Figure 3-2B). This is both because
some stone fill is needed to provide a stable base, but also
because placement of fine-grained streambed materials would
cause objectionable turbidity,    exceeding    standards    for
conditional waiver of Water certification of the SRBPPquality
(Veres pers. comm.)

The construction season for the SRBPP is limited by COE to
the non-flood period, usually from April 15 to November I (for
bank cutting) and to November 15 (for rock placement). During
low flow years, exceptions are sometimes granted.

Gabions. Gabions are rectangular wire-mesh cages divided
into cells, which are placed and filled with rocks to form
walls, bulkheads, jetties, or rock blankets to protect eroding
riverbanks. Each cage is placed and securely wired to neigh-
boring gabions before filling with stone and tied closed after
filling. Ideally, the rock material used to fill the gabions is
placed to obtain a maximum density (i.e., with a minimum of
space for air or water); thus, rock sometimes must be placed in
gabions by hand.

Gabions can be useful in several situations. Where a steep
or vertical bank is required (near bridge abutments, wharfs,
roadways, or developments that cannot be relocated), gabion
structures can be a more naturally appearing and cheaper bank
protection method than concrete banks (vertical or sloping) or
vertical wood, steel, or concrete pilings. Gabion blankets,
configured similarly to sloping riprap protection, can be used
if rock large enough to withstand the river’s erosive forces is
not available locally, or if steeper or more secure bank pro-
tection is required.

Once installed, the gabion wall or blanket acts as a some-
what flexible single unit and is not as subject to "plucking"
(removal of individual rocks by streamflow energy), as is riprap.
This property allows its use in special circumstances, such as
to resist severe turbulence from channel obstructions or to
check headward erosion of tributary watercourses.

A potential gabion application is to-form a low wall
against wavewash erosion at .the low flow water surface ele-
vation, capping a riprap blanket on fill material below the
water surface (Figures 3-3B and 3-4D). This would displace the
shoreline only a few feet, allowing shading of nearshore aquatic
habitat by existing or regrowing vegetation.

~Gabions are .more costly than riprap because of the high
labor requirements for building the wire cages and inserting
rock to the proper density. They may also be more costly be-
cause of a shorter life of the wire cage.
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Ve@etation. Vegetation, because of its inherent roughness
and its ability to dissipate or buffer floodflow energy, can          I
provide bank protection and erosion control under certain favor-
able circumstances. Use of vegetation as a bank protection
method is only considered in areas where flow velocities during
peak flood conditions do not exceed 5 feet per second (fps), and         I
where wave action is~negligible. Floodflow velocities of 5 fps
are exceeded in the Sacramento River upstream of Sacramento.
Below Sacramento, in the intertidal zone or where boat wake or         1
windwave action is considerable, it is very difficult to rees-
tablish vegetation once native vegetation is removed.

Thus, use of vegetation alone as a bank protection method          I
would rarely be applicable along the Sacramento River system.
Nevertheless, trees, shrubs, and ground cover on the berm be-
tween the riverbank and levee, or on the levee itself, can help
to protect the levee. Leafless stems and boles of vegetation in
winter time on these sites add roughness, which slows overbank
flow velocity and thereby reduces floodflow erosion.                         I

Erosion-resistan~ matting, which is often biodegradable,
can be used to stabilize a berm restoration site and prevent
erosion while vegetation establishes itself.    Biodegradable          ¯
matting is sometimes used in conjunction with vegetation, be-
cause it will not retard further growth after the establishment
period.                                                                                    I

Vegetation can potentially be used within riprap or gabion
revetment, adding strength and restoring natural roughness, as          1
noted earlier. Several techniques have been described in the
literature for applicatio~ on various streams around the United
States.    Vegetation has not been intentionally established
within revetment along the Sacramento River, and present federal          I
maintenance standards do not allow it.

COE levee and bank protection inspection and flood-fight         l
needs have traditionally led to a policy of general vegetation
suppression along levees and riprap slopes. The Reclamation
Board has recently affirmed the suitability of vegetation on          1
some levee slopes and within revetment under strict controls
(The Reclamation Board 1987a), and has asked COE to review and
accept this policy. These controls are intended to maintain
sufficient vegetation spacing to allow visual inspection of the         l
improvements. Berm vegetation, on the other hand, requi~es no
such control. - ..........................................................................................................

Vegetation within revetment could possibly be attained in
several ways. In most locations, natural revegetation would be
successful if maintenance standards were relaxed. Otherwise,
mats of willow cuttings could be placed underneath the rock          1
blanket, to root and emerge between rocks.    Similarly,
soil-filled planting containers could be incorporated into or
under the rock blanket. Soil could be placed over the rock and         ¯
seeded or planted with willow cuttings.    Bundles of plant
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cuttings could be staked over the rock blanket, especially where
sediment is expected to be naturally deposited. Presumably
other methods could be explored.

Such techniques for revegetating riprap may have appli-
cability to the SRBPP and could be evaluated at carefully se-
lected sites through a coordinated experimental revetment vege-
tation program. The potential benefits would include a re-
duction in floodflow energy, possibly reducing downstream scour
commonly found just beyond the end of a rock revetment, and
enhancement of biological and aesthetic resource values.

Some kinds of vegetation may be undesirable in certain
areas. For example, tall trees with shallow root systems will
pose a danger to a .levee or revetment because they can be blown
over in a storm, tearing away the surrounding vegetation and
exposing an area of loose soil. The resultant irregularity in
the bank or levee can cause local turbulence and erosion. Also,
the rotting root system of a dead tree of some species can
provide conduits for groundwater to travel through a levee,
ultimately causing local sloughing of the bank or levee (e.g.
landside boils).

Excessive vegetation can overly retard floodflows or cause
blockages by trapping debris. Both conditions can dangerously
increase flood levels upstream and cause flow turbulence that
attacks the revetment or levee.

Flow Modification

Under certain conditions, the erosive force of the river
can be directed from the bank or levee, using a variety ofaway
methods that reduce flow velocities and erosion near the bank.
Flow modification is a favored method of bank protection if
existing banks and their natural vegetation are to be preserved.

Flow modification techniques may be applicable upstream of
Colusa (RM 143) where the outsides of meander bends are adjacent
to and/or threatening erosion of setback levees. Through vari-
ous flow modification techniques, the main channel may be en-
couraged to move away ~rom the setback levees, thereby sub-
jecting the setback levee only to periodic overbank flows,-which
generally have lower flow velocities and are less erosive.

Flow modification techniques are not suitable downstream of
Sacramento because the narrow and constricted river channels do
not permit shifting flow velocities away from eroding banks or
levees.

One of the most common methods of flow modification is the
construction of one or more "groins." These are permeable or
impermeable structures that protrude from the bank into the
stream (jetties) or run parallel to the bank (retards).. Groins
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can be constructed of dumped rock or gabions or may take the
form of fences and palisades. Rock and gabion groins are rela-
tively impermeable, whereas fences and palisades are. permeable
groins.

Groins alter flow patterns and velocities along the bank
and encourage sediment deposition.    By decreasing near-bank
velocity, the main river flow at the thalweg will tend to mi-
grate away from the bank with groins. This may induce new
meandering tendencies or erosion~ downstream and needs to be
carefully considered where such bank protection is discontinuous
or is constructed incrementally.

Groins constructed perpendicular to the river bank are not
effective protection against erosion caused by boat waves, which
attack perpendicular to the bank. If the causes of erosion are
unknown, or are partially caused by waves, jetties afford ~less
reliable protection than retards or bank armoring.

Groins. Rock jetties are the most widely usedImpermeable
type of impermeable groin (Figure 3-5).    Designs vary with
hydraulic conditions and the type of rock available. Jetties
generally extend into the river past the point where the highest
velocities occur, and are spaced about, twice the jetty length.
Areas along the bank between the protruding jetties act as "dead
pockets" of water where sediment will deposit and build out the
bank. Construction is by dumping or machine-placing of rock
delivered by barge, truck, or conveyor belt. Although continu-
ous bank disturbance is avoided, access roads, staging areas,
and related facilities will disturb some adjacent areas.

Permeable Groins. Permeable groins are similar to imperme-
able groins, but instead of divertin~ flow away from the bank,
they discoura@~, flow along the bank by increasing the bank’s
hydraulic roughness. The decreased flow velocity along the bank
will also encourage sediment deposition in the areas between the
groins. Since they allow some flow through them, permeable
groins will encourage less erosion of the opposite bank or
scouring of the bed.

Permeable groins can also run parallel or perpendicular to
the bank. Chain link and timber fences with steel or wood posts
have frequently been used. "Palisades" are a type of permeable
groin built perpendicular to the bank; they differ from timber
fences in that the posts are connected with nets rather than
more inflexible fencing materials. The netting consists of a
high-strength nylon webbing which is manufactured in 15.5-foot
by 12.5-foot panels. The netting has an advantage over fixed
fencing in that it will adjust itself downward for bottom scour
(Figure 3-6).

A multi-agency demonstration palisades project was in-
stalled near the Woodson Bridge State Recreation Area in summer
1986 (King 1986).    The structures appear to be collecting
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sediment and arresting bank erosion, but have not yet been
subjected to high flood flows. A final report on monitoring and
evaluation of the demonstration will be published in July 1988.
COE considers the palisade flow modification technique .to be
experimental at this time. Long-term maintenance costs are, of
course, unknown.

~ Palisades have an advantage over most of the other bank
protection techniques in that, to a large extent, both berm and
bank vegetation remain relatively undisturbed. No shaping of
the bank occurs. Construction is from the water side, causing
little disturbance, although a staging and launching area must
be cleared. Removal of instream snags and bank trees or over-
hanging limbs may be necessary to allow installation and barge
maneuvers.

Maintenance of a palisades system will consist of adjusting
the alignment of netting panels and repair or replacement of
piles and netting damaged by high flows. These costs will tend
to be more similar to the relatively high costs¯ for fence main-
tenance than to riprap maintenance costs.

Vanes. Another possible flow modification technique may be
the placement of vanes underwater on the channel bed at the
thalweg. A theoretical system was designed for the Sacramento
River (Odgaard and Kennedy 1983) and is being tested in a stream
in Iowa. Vanes are a series of short, low structures composed
of sheet pilings or rock which are aligned to reduce secondary
currents and attendant undermining of outer banks generated by
meandering streamflow. Thus, bank erosion may be substantially
reduced. This technique now appears promising, but~it is in the
early experimental stages and should not be considered aviable
bank protection alternative at this time.

Set-Back Levees

New levees constructed behind existing levees can sometimes
be used at points where erosion has attacked the existing
levees. Flood discharges are confined between the new set-back
levees, whereas the normal, low-flow channel is free to erode
through the area formerly occupied by the old levees. Eventual-
ly, the channel may migrate to a position of eroding the
set-back levees unless armoring orflow modification is applied.

If the main flow channel is located some distance from a
levee, then the levee is subjected only to overbank flows.
Overbank flows generally have lower velocities due to shallower
flow depths and higher roughness, especially if the area between
the main channel and set-back levee is vegetated. Therefore,
vegetation is usually adequate ~to protect set-back levees
against erosion where direct channel erosion into the levee is
not a problem.
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~Construction of set-back levees involves land acquisition,
and clearing and grubbing of the project area, followed by
placement and compaction of the embankment material.    Con-
struction materials may be obtained from preexisting levees and
supplemented by excavation of new borrow pits within a reason-
able haul distance.

Along most of the levee system, the existing flood control
levees were built on the natural levees elevated above the river
itself and above the surrounding drainage basins.    Natural
levees are broad, elevated surfaces bordering the river that
slope gently away from the river. They were created histori-
cally when sediment-bearing flows in the channel overflowed the
bank, slowed, and deposited a large volume of the coarsest
sediments immediately adjacent to the channel.

Natural levees generally occur along the entire project
reach below Chico Landing; the flood control levees were built
at the highest elevation of the natural levees to provide the
most flood protection at the smallest construction expense. To
build new set-back levees behind the existing ones would thus
require construction of taller levees than now exist, because of
the downward sloping elevation away from the river. In the
Delta, construction of set-back levees would be difficult and
costly, since Delta soils provide a poor foundation and are
subject to subsidence.

An advantage to set-back levees would be derived from the
new berm area that would be created; such land would be ideal
for revegetation, naturally or artificially, as riparian habitat
to compensate for past impacts on biological resources. A
disadvantageis that new set-back levees must be tied into the
existing levees at some point and cannot be constructed effec-
tively on a site-by-site basis to deal with levee erosion prob-
lems.

Cost is the major disadvantage of .creating setback levees.
Since lands bordering existing levees are generally committed to
intensive agriculture, residential use, and transportation and
utility corridors, land acquisition costs would often be prohib-
itively high. Construction costs would also be relatively high.

Feasible Bank Protection Methods Eliminated from Further Study

Ve@etation

The.use of vegetation in connection with other forms of
bank armoring is considered throughout this document. However,
the use of vegetation alone as an armoring method is not feasi-
ble at any of the tentatively identified sites evaluated in the
course of this study. For~this reason, it is not treated fur-
ther as a separate method in this ~document.
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~OW Mod±ficatio~ ~mperme.~.~able. Groins and Vanes

Impermeable groins a greater tendency to damag-have induce
ing flow conditions at downstream sites than permeable groins.
Vanes are highly experimental.    Also, the palisades perme-
able-groin system is in the demonstration stage and appears
promising. Therefore, impermeable groins are not continued as a
separate alternative method throughout this document.

The various flow modification techniques have similar
consequences; accordingly "flow modification" in general is an
alternative method considered in detail throughout this docu-
ment. The environmental conclusions regarding flow modification
would therefore be generally applicable to impermeable groins
and vanes as well as palisades. Thus, the remainder of the
document is considered to implicitly apply to all flow modifica-
tion methods, although palisades is given explicit attention.

Set-Back Levees

Set-back levees have been previously constructed at all
sites considered suitable by COE in the SRPBB area. Further use
of this method ~ould ’involve inordinately high levees or con-
struction on unsuitable foundation materials. Aside from high
cost, further construction of setback levees is not considered
feasible along the Sacramento River system.

Comparative Costs of Bank Protection Methods
Considered in Detail

Estimating costs fo~ the various methods of bank protection
is difficult due to their dependence on site-specific condi-
tions. Unit costs for construction materials, for example, are
dependent on hauling distance and access to the site. Table 3-3
presents average unit construction costs and operation, mainte-
nance, and replacement costs for the alternative bank protection
methods considered in detail for the Sacramento River system.

The different bank protection methods have varying project
lives and repair and replacement requirements. By including
these replacement costs in the cost~ estimates shown in Table
3-3, it can be assumed that the different methods provide
equivalent levels of bank protection reliability. The costs
should be used for comparison purposes only as is done in the
next chapter of this r~port.

The higher cost of the bank~fill riprap method compared to
the bank-cut method (Table 3-3) results primarily from current
construction-period turbidity .standards of the Regional Water
Quality Control Board, which effectively require use of quarry
rock for underwater fill where some dredged river sediment would
suffice.
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Table 3-3. Typical Costs of Alternative Bank Protection Methods
(dollars per linear foot of bank)

Construction        Annual
Costs         OM&Ra Costs

Riprap

Lower River
Bank-fill riprap to ._to_PbOf bank or SHWLb 250d <0.40.j
Bank-cut riprap to SHW~ 190e- 0.40~
Bank-fill riprap to LWLc 230~ >0.40~z
Bank-fill riprap and gabion to LWLc 240.g >0.40"
Low berm restoration 240n 2.1~ decade I,

>0.401 thereafter
Upper and Middle River

Bank-cut riprap to SHWLb 230".z. >0.50n
Bank-cut riprap to top _~ bank 250.z 0.50m
Bank-fill riprap to SHWE 300z. >0.50n
Ba~-fill riprap to top of bank 3101 0.5~
Establishing vegetation within riprap Unknown Unknown

Flc~ Modification 250p 2.50q

aOM&R = Operation, Maintenance, and Replacement.b Sustained high water line (plus 3 feet).c Low water line (plus 1-3 feet).
d Method estimated to cost 30% more than standard design (Veres pers. conm. )
e                                                                                                                     "Average of standard design for six sites on Steamboat Slough in 1981 (Veres

f Method estimated to cost $20 per linear foot less than bank-fill riprap to

top of bank (Veres pers. cc~m. ).g Assumed to be between costs of top of bank and low water fill methods, and

h similar to cost of low bema restoration.Weighted average of low berm design of six sites on Steamboat Slough in

i 1981.¯ Data frcm Veres (pers. cc~m.) as adjusted frcm O0E (1981a).
3 Average value will be less than for bank-cut riprap to top of bank because

k average revetment height will be lower.
Assumed same as ~cost for upper river riprap to SH~L from O0E (1981a).1 Average value will be greater than for bank-cut riprap to SHWL because scme

erosion above the rock will occur at scme sites.m O0E (1981a).
n Average value will be greater than for bank-cut riprap to top of bank

because erosion will occur above the rock at scme sites.
P Value is for a single installation of palisades at Woodson Bridge State Park

(Woodward-Clyde and Associates 1986).    "q Value is for fences (~OE 1981a); maintenance cost for palisades unknown.
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S~rate@ies for Management of the
Sacramento River System

The SRBPP area can be divided into four reaches in terms of
hydrologic/hydraulic character, configuration of the flood
control system, and management needs:

o. Collinsville to the City of Sacramento (RM 0-60), in-
cluding associated sloughs in the Delta

o City of Sacramento to City of Colusa (RM 60-145)

Leveed reach above Colusa (RM 145-176 [eastside]/184o
[westside])

o Unleveed reach to Chico Landing (RM 176/184-194)

Characteristics of these reaches are described in Chapter 6,
"Affected Environment."

in this section of the report, alternative bank protection
strategies for each of these reaches are presented, and the set
of alternative bank protection methods applicable or potentially
applicable to each strategy and reach are defined.

Collinsville to City of Sacramento and Sloughs (RM 0-60)

Alternative Bank Protection Strategies. Where levee ero-
sion is occurring or is imminent, the current strategy in the
lower river and sloughs is to armor remaining berms to the top
of the bank or, where berms are absent or nea~ly so, to armor
the levees to the sustained high water line through the applica-
tion of riprap.

No alternative protection strategies are viable. Riprap
configurations are adjusted where feasible to lessen the need
for removal of trees, on a case-by-case basis. Compensation for
lost vegetation on an equivalent acreage basis is then sought at
vacant berm sites at other suitable sites within andor beyond
the levee system.

Alternative Bank Protection Methods. The feasible methods
are limited to the various riprap configurations. Methods using
fill to prepare the riprap slope can be used to preserve ripari-
an vegetation on berms near the streambank; lowering fill and
revetment heights can be used to preserve bank vegetation in
some wavewash situations. Bank-cut riprap methods can be used
to minimize cost. The feasible alternative methods are:

o Bank-cut Riprap to Top of Bank where some berm is re-.
tained (bermprotection).
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O Bank-cut Riprap to Sustained Hi@h Water.Elevation where
berm width is insufficient for retention (levee pro-
tection).

o Bank-fill Riprap to Top of Bank where the erosion cut-
face has advanced above the tidal/wave-wash zone (berm
preservation).

o Bank-fill Riprap to Top of Tidal/Wave-wash Zone (Low
Bank-Fill) where the erosion cutface is restricted to
this zone.

o Bank-fill Riprap to Top of Tidal/Wave-wash Zone, Gabion
Cap where the erosion cutface is restricted to this zone
and it is desirable to keep the water edge under shade
from bank vegetation.

o Bank-fill for Berm Restoration, Riprap to Top of Bank
where restoration of an eroded berm is desirable.

City of Sacramento to the City of Colusa (RM 60-145)

Alternative Bank Protection Strategies. The erosion man-
agement strategy in this reach is to riprap remaining berms to
the top of the bank where levee erosion is imminent or where MBK
sites are threatened. MBK sites consist of stands of riparian
vegetation determined to be significant for the stability of the
Sacramento River, based on hydraulic and flood control consid-
erations only (Murr.ay, Burns, and Kienlen 1978); six designated
stands occur from RM 118 to RM 145 on this reach.

No alternative protection strategies appear feasible.
Levees have been previously set back across the bases of meander
loops at a number of locations through this reach.

Alternative Bank Protection Methods. The feasible methods
are those identified for the upper river reaches (see below),
except that opportunities for flow modification are limited.

Leveed Reach Above Colusa (RM 145-176/1861

Alternative Bank Protection Strategies. The current pro-
tection strategy in the upper, leveed reach is to limit bank
protection to sites where levee erosion is imminent, public
facilities (e.g., bridges) are threatened, or the "flow-splits"
at the Colusa or Moulton weirs may be significantly altered by
channel migration.    (See Chapter 6, "Affected Environment -
Hydrology" for a description of flow splits.) Protection of MBK
sites in this reach (27 in number) is only provided where inci-
dental to protection of a levee, public facility, or flow-split.
Bank protection is provided by riprap to the top of the ~bank.
Levees have already been setback from the meandering channel to
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the point where further setback would likely require substantial
increases in height.

More extensive bank protection to comprehensively control
erosion and reduce sedimentation in the flood, control system, as
an alternative strategy, could be applied to arrest bank erosion
wherever it is substantial, ’even though levees may not be immi-
nently threatened. implementation would be in a downstream
sequence, probably originating beyond the SRBPP area at Red
Bluff, as described in the Sacramento River and Tributaries Bank
Protection and Erosion Control Investigation Feasibility Report
Study of Alternatives (COE 1981a). The result would be the~
confinement of the river to its present channel. This strategy
alternative is not currently proposed and is not ~considered
further herein.

Within the current strategy, flow modification such as
palisades could be employed on trial bases at some locations.

Alternative Bank Protection Methods. Both bank armoring
and flow modification methods are suitable to hydraulic con-
ditions in. this reach. Bank-fill riprap methods can be used to
preserve ripa’rian habitats where bank heights are not too great.
Flow modification can be explored as a means of preserving bank
vegetation and shaded aquatic habitat. Bank-cut riprap can be
used to minimize costs. Limiting riprap heights to the sus-
tained high water line at occasional sites where low flow veloc-
ities allow can sometimes be used to preserve upper bank vege-
tation (COE 1981a; Henderson and Shields 1984), although higher
maintenance costs may offset construction cost savings. The
feasible methods are:

o Bank-cut Riprap to Top of Bank where streamflow velocity
is moderate or high.

o Bank-cut Riprap to Sustained High Water Line where
streamflow velocity is low.

o Bank-fill Riprap to Top of Bank where streamflow veloc-
ity is moderate to high and berm preservation is desir-
able.

Bank-fill to Sustained Water Line whereo Riprap Hi@h
streamflow velocity is low and berm preservation is
desirable.

o ye~etation in Revetment (experimental), used in conjunc-
tion with all alternatives above where compensation for
pas~ or anticipated vegetation removal is~ desirable and
reduction in scour energy can be achieved.

o Flow Modification, including palisades or other experi-
mental retards, jetties, and vanes, where preservation
of b~th berm and bank vegetation is desired.
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Unleveed Reach to Chico Landing (RM 176/186-194)

Aiternative Bank Protection Strategies. The current strat-
egy in .the upper, unleveed reach is to provide only that bank
protection needed to maintain the flow-split between floodwaters
overflowing into the Butte Basin and those entering the leveed
reach of the river at RM 176 (Woodward-Clyde Consultants 1986).
The extensive bank protection approach to confine the river to
its present course is~ a PoSsible alternative strategy, in this
reach also, but, as noted above, this strategy alternative is
not currently proposed and is not considered further in this
document. Within the current strategy, non-riprap methods could
be Used on a trial basis.

Alternative Bank Protection Methods. All of the methods
described-for the previous reach also can be considered for use
here. Tentatively proposed bank protection work under remaining
Second Phase Work Units 41B-47 doesnot include any sites above
RM 168 at Butte City, below the ends of the existing project
levees.
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Chapter 4

COMPARISON OF ENVIRONMENTAL IMPACTS OF THE ALTERNATIVES

Introduction

This chapter describes the range of environmental impacts
from future bank protection within the SRBPP Secondexpected

Phase authorization, .through the use of a range of bank
protection scenarios. The significant adverse impacts of the
feasible bank protection methods, and mitigation measures and
~heir effectiveness, are also summarized.

The next chapter describes the cumulative effects of all
past and authorized future bank protection. Chapter 7, "En-
vironmental Consequences," describes the nature of ~impacts at
any site according to the feasible types of bank protection that
could be implemented. Chapter 7 thus provides a more detailed
assessment of the range of expected impact, providing the basis
for.the conclusions drawn here.

This chapter also establishes an enviroI~ental impact
documentation procedure for future site-by-site evaluations.
This will assure that environmentally superior bank protection
methods are given careful consideration; that fina!.selection of~
a method, the impacts of the method, and selection of mitigation
measures are documented; and that impacts are within the realm
evaluated in this document.

The Feasible Ran@e of Bank Protection Alternative Scenarios

Defining Scenarios

Bank protection methods available for the Sacramento River
system were described in the preceding chapter in relation to
various’ management strategies for each reach.    All of the

methods are not feasible or suitable, ~however, for consideration
at each bank protection site. The method eventually chosen for
each site will be derived from a site-specific analysis of the
factors discussed in the first section of Chapter 3.    (At the

~time of the analysis described here, construction designs for
bank protection have .been developed for only i0 of the 115
tentatively identified sites.)

"
To estimate the reasonable range of environmental effects

of the future bank protection work, a probable, range 6f bank
protection alternatives can be established. This range can
logically extend from a least-maintenance scenario to an

4-1

C--072047
C-072047



"environmentally superior" scenario, as that term is used in the
guidelines for implementation of CEQA. As elements of a model-
ing technique, these two scenarios are endpoints defining the
expected decision space; the final, Selected,. and installed mix
of bank protection designs that will comprise the remaining
Second phase authorization would be expected to fall within this
range. In fact, the environmentally superior scenario could
never be fully achieved, since its methods as described below
will be found infeasible at certain sites. This is more fully
discussed in a following section.    The two scenarios are
described as follows:

Least-Maintenance Scenario.    This scenario entails the
exclusive use of bank-cut and bank-fill riprap methods.
Bank-cut riprap would be used in all situations where the rem-¯
nant berm width is sufficient to allow a cut without encroaching
upon the levee. Other sites would receive bank-fill riprap.

-This scenario optimizes reliability by utilizing methods
requiring least maintenance over the long-term.

Height of the revetment would vary. On.the lower river,
riprap would extend to the sustained highwater line. On the
middle and upper river, riprap would usually extend to the top
of the bank, or sometimes to the design flood elevation, which-
ever is lower.

Environmentally Superior Scenario. This scenario repre-
sents a maximum response to concerns for significant riparian
woodlands and habitats of special-status species.    It also
includes a habitat restoration element based on a river-system-
wide approach to viability of riparian ecosystems. In particu-
lar, it calls for experimental use of berm restoration or vege-
tation-in-revetment bank protection methods at project sites
within reaches where riparian woodland has been depleted or is
nearly absent from earlier SRBPP work.    It most broadly
implements the policy of maintaining and rectifying the linear
continuity of riparian habitat along the Sacramento River. The
scenario is self-mitigating, rather than enhancing, of the
riparian environment, but it would require approval of new
techniques to implement.

To meet these objectives along the river below-Sacramento,
bank-fill riprap would be used wherever significant riparian
woodlands are present onsite or are generally absent in the
vicinity, if feasible. In reaches where~riparian vegetation has
been depleted, fill would be ~widened and used for mitigation
planting of woody riparian plant species on the restored berm.
Riparian woodland habitat would also be favored by installing
low revetment at sites where wavewash-induced erosion has not
advanced beyond the wavewash ~zone. A narrower gabio~ cap would
be used in conjunction with such low revetment where a nearshore
aquatic shading opportunity is present, or bank sloughing
requires stabilization.    Where. special-status species were
present, the method most favorable to preservation of the
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species habitat would be used. Where none of these biological
resource conditions were present, bank-cut would be used.

To meet biological resource management objectives in the
upper river above Colusa, flow modification methods would be
used wherever significant riparian woodlands and shaded aquatic
habitat is present. This assumes that the p~lisades or some
other flow modification.system proves technically feasible. If
woodlands are present, but the bank environment has been degrad-
ed to the point that shaded habitat is absent, bank-fill~ riprap
would be employed. Where special-status species are present,
the method most favorable to their preservation would be
employed.    In th~ absence of these biological resources,
bank-cut riprap would be employed. Revetment heights would be
adjusted for expected streamflow velocities. Where riparian
woodlands have been reduced below a minimum level needed for
ecosystem continuity, experimental vegetation-in-revetment would
be used in conjunction with the above methods.

To meet biological management objectives in the middle
river from Sacramento to Colusa, methods similar to those of the
upper river would be used, except that bank-fill riprap would
replace flow modification, because of the narrow channel between
the levees.

Relative Risk of the Scenarios

Severa~ of the environmentally superior bank protection
methods would rely on greater maintenance efforts than do stan-
dard bank-cut or bank-fill riprap. This includes flow modifica-
tion through palisades, low bank-fill, some revetment lowered to
sustained high water line, and revegetation of restored berms or
revetment. If provisions for such increased maintenance were
not assured, the environmentally superior scenario would imply
increased risk of levee failure.

Miti@ation Under Scenarios

The. least-maintenance scenario entails higher mitigation
efforts than the environmentally superior scenario. ~Mitigation
will continue to be developed on a site-by, site basis in
consultation among. COE, The Reclamation Board, USFWS, and DFG.
On a program-wide basis, modeling of the mitigation programs for
the scenarios is not attempted, here, because specific future
work sites have not been definitely identified.

Application of Scenarios to Tentatively .Identified Bank Pro-
tection Sites

Decision Flow Charts. To assist in the. identification of
probable consequences of proposed bank protection, the scenarios
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must first be more precisely defined. Decision flow charts for
the allocation of each tentatively identified work site to a
particular bank protection method for both scenarios are shown
in Figures 4-1, 4-2, and 4-3. As can be seen, the decision
criteria in these flow charts correspond closely to the concep-
tual framework described earlier,

Work Site Database. Work site allocations are based on
.site data gathered during a reconnaissance-level field survey of
the tentatively, identified sites during February-March 1987. At
each site, data were gathered to provide a response to each
site-attribute question in the flowcharts (Figures 4-I through
4-3). Additional site data were also gathered to use in quan-
tified predictions of the environmental impacts of the scenarios
and various methods. The site inventory data are summarized in
Table 6-6 at the end of Chapter ~, "Affected Environment."
Twenty-seven site-attributes were recorded at most sites,
including location, adjoining bank protection, site configura-
tion and erosion conditions,, aquatic habitat elements, vege-
tation types, and special-status plant and animal habitats.

Decision Criteria Thresholds. The decision flow charts
’include several decision criteria that are used to apply the
scenario modeling concepts to the site inventory data. The
rationale for the assumptions employed in this analysis is as
follows:

Scarc±ty of Woody Riparian Vegetation. A scarcity of
woody riparian vegetation for a particular, river mile is defined

to occur when less than 25 percent of the shoreline has such
growth. When the existing linear extent of woody riparian
habitat is below this threshold, it is suggested that further
reductions would have disproportionately adverse consequences
for fish and wildlife habitats and for aesthetic and recreation-
al resource qualities. Therefore, ~special mitigation measures
should be undertaken to prQtect or reestablish such habitat in
place.

For the lower river below RM 60, this decision criteria can
be directly applied to existing riparian vegetation inventory
data (see Figure 6-2 in Chapter 6). For the middle (RM 60-143)
and upper (RM 143-194) river, inventory data are in the form of
acreage per river mile (Figures 6-3 and 6-4). Woody riparian
vegetation changes from narrow str±ps downstream near Sacramento
to large stands upstream above Colusa. It is estimated that <5
acres per mile from Sacramento to Colusa, and <20 acres per mile
above Colusa, will approximate the 25 percent linear extent
criteria.

~.i~nificance of. Woody Riparian Vegetation. Below a
minimum threshold, woody riparian vegetation is.not considered
sufficiently present to warrant use of special bank protection
methods on the lower river. At work sites where herbaceous and
shrub vegetation predominates, less than 1,000 square .feet of
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Figure 4-1. Decision Flowchart for the Least-Maintenance Scenario

Low~.r Pd.ver (0-60)

I, Is a berm present? I

[ sustained high water line
Prefer: bank-fill riprap to

¯ ~                                                                                                         sustained high water line

Middle and Upper River (60-194)

to top of bank



Figure 4-2. Decision Flowchart for the Environmentally Superior Scenario; lower River (BM 0-60) o

aquatic babltat present? vegetation in vlcislty? equ~tlc habitat present? vegetation i~ vicislty?

riprap to low weter riprap to low restoration and rIprap to top rIprap to low ~ restoration and
llne, gabion cap. weter lise planting o£ fill water lise

~
planting

,Is slg~ifloantbwoody riparian
vegetation present?

riprap to top riprap to top
of fill of cut

No___~
See text for explanation of decision criteria below.

~ Scarclty defamed (25 shoreline mile belowpercemt per Sacramento
Signlflcant woody vegetation assumed to be at least 1,000 sq £t per lO0 £t in th~s analysis.c Low defised as height of ~ ft or less is this analysis.



Figure 4-3. Decision" Flowchart for the Environmentally Superior Scenario; Middle and Upper River (RM 60-194)

IDoes site have significant woody riparian v~getation?a I

,, aquatic habitat present? ,,,high flow velocity? .

high velocity
.,m~ificaticn

riprap to sustained riprap to.top of sustained high water I top of bank or designhigh water line . bank or design flood line I flood (whichever.... ~, ,, ,,                        (whie~r is less) [,     is less)

See text for explanatic~ of decision criteria below.
a Presence of w~x~y riparian vegetation ccmsi~ered p~tentially significant in this analysis, hut significint woody vegetation should be considered to be at

least 1,000 sq ft per 100 feet where acreage inventory data are available.b Scarcity assumed to be <5 ac per mile from Sacramento to Colusa and <20 ac per mile above Colusa in this analysis.
¯ c High velocity asmm~d to occur at outside of bends in this analysis.



woody vegetation per I00 feet of bank length (i.e., average 10-
foot width) is~ considered below this minimum threshold. This
threshold area constitutes approximately 15-20 percent of the
acreage potentially disturbed by a typical bank-cut riprap
installation. Thus, if less than 15-20 percent of a work site
is occupied by woody riparian vegetation, bank-cut riprap would
be preferred.

Erosion Cutface Height for Low Riprap Consideration.
An eroded height of exposed bank material (vegetation removed
and soil exposed) less .than three feet is considered to be
adequately treated by low riprap methods. In general, erosion
observed in the reconnaissance surveys found either continuous,
low, wavewash-induced erosion (1-3 ft maximum cutface height) or
distinctly- taller cutface erosion surfaces of more variable
extent. Thus, sites were accordingly allocated to riprap meth-
ods of low or normal height.

Results.    Based on the reconnaissance inventory data,
application of the appropriate flow chart decision criteria to
each site leads to an estimate of total footage for each bank

protection method under each scenario. The results of these
allocations .are presented in Tables 4-1 and 4-2 and are de-
scribed below. They are used in the remainder of this chapter
to circumscribe the range of probable environmental and cost
impacts of the authorized and proposed bank protection. Note
that some approximations enter into the scenarios in this pro-
cess since entire sites are allocated to~ one method. In prac-
tice, a combination of methods could be used at an individual
site.

Least-Maintenance Scenario.    The least-maintenance
scenario would entail an approximately equal use of bank-cut and
bank-fill methods in the lower reach, and bank cut in the other
reaches (Table 4-i).

Environmentally Superior Scenario. The environmental-
ly superior scenario would include only 10-15 percent bank-cut
revetment ’(Table 4-2); most of the preferred bank protection
work under this scenario would involve bank-fill methods, or, on
the upper river, experimental flow modification, such as through
use of palisades. Thus, a component of the e~vironmentally
superior scenario relies on .the further deployment of currently

experimental flow modification methods, as noted earlier. The
preferred heavy reliance upon bank-fill of this scenario could
not be fully achieved in practice, because channel flow
capacities are already too limited in many reaches (Pahl pers.
comm o ) o

Along the sloughs’and lower ~river from Collinsville to
Sacramento (RM 0-60), berm restoration to increase riparian
vegetation in deficient areas would be preferred along about
15-20 percent of the site footage (depending on findings of
riparian Woodland mapping along sloughs). Nearly all. of the
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Table 4-1. Allocation of Tentatively Proposed Work to Bank Protection Methods
Undo~: the I.o_.~t-Na.q_nter~nce Scomario

Sacramento River
and Sloughs:        Sacramento River:    Sacramento River:

Belc~ Sacramento Sacramento to Colusa Above Colusa Feather River

Bank Protection Method (ft.) Percenta (ft.) Percenta (ft.) Percenta (ft.) Percenta

Lower River and Sloughs

Bank-fill riprap to u~

top of bank 25,600 45 ........ u~

Bank-cut riprap to
sustained high water
line 31,300 55 .........

Other Reaches                                                       ~)

Bank-cut riprap to
project-design flood
elevation or top of bank .... 27,050    I00 9,70____~0 I00 5,000 I00

Total LengthEvalua~ 56,890 27,050 9,700 5,000

Percentage of total proposed footage in reach indicated.
Additional footage is proposed for the Yolo Bypass (5,000 ft) and the Colusa Drainage Canal .(4,000 ft),
but sites have not been identified.



Table 4-2. Allocation of Proposed Work to Bank Protection
Methods under the Environmentally Superior Scenario

Sacramento River
and Sloughs:       Sacramento River: Sacramento River:

Below Sacramento Sacramento to Colusa Above Colusa      Feather River

Bank Protection Method (ft.) Percenta (ft.) Percenta    (ft.) Percenta (ft.) Percenta

Lower River and Slou@hs
Berm restoration (range) 7,400-11,400 13-20 .........
Bank-fill riprap to

low water line 13,100 23 .........
Bank-fill riprap to low

water line, gabion cap 5,700 i0 ...........
Bank-fill riprap to top

of bank 27,300 48 ..........
Bank-cut riprap tO sus 3,400 6 ..........

tained high water line

Other Reaches
Flow modificationb N -- i,I00 4 5,600     58 4,050 81
Bank-cut o__~r fillC;

riprap to sustained
high water line _- M 1,900 7 I,i00     II 950     19

Bank-cut or fillC;
riprap t-~ design
flood or top of bank -- -- 2,700 I0 2,200 23 N --

Bank-cut riprap to sus-
tained high w.ater line -- N 3,000 II 0 0 M ~

Bank-cut riprap to design
flood or top of bank m -- 1,350 5 800 8 -- --

Bank-fill riprap to design
flood or top of bank -- -- 4,000 15 .......

Bank-fill riprap to sus-
tained high water line __ N 13,000 48 ........

Vegetation in revetment
(included in above) -- -- (5,100) (19) (700) (7) -- --

Total length evaluated 56,890 27,050 9,700 5,000

a Percentage of total proposed footage in reach indicated.
b Generally not suitable below Colusa.c Choice depends on actual significance of woody riparian vegetation present; cannot be ascertained at this time.



site footage would involve some form of bank-fill riprap, but
about one-third of the footage would entail low fill and riprap
to protect only the wavewash zone and underwater slopes.

Along the middle reach of the river from Sacramento to
Colusa (RM 60-143) bank-fill riprap would be preferred to pre-
serve riparian vegetation at a preponderance of sites. Estab-
lishment of riparian vegetation within riprap to restore this
habitat in areas of scarcity would be preferred along about 20
percent of the footage at the sites in this reach.

Along the upper river reach, Colusa to Chico Landing~ (RM
143-194), and on the Feather River, flow modification, such as
by palisades, would be preferred at two-thirds of the site
footage to preserve significant bank. vegetation. This would
require the rapid development of techniques now in the experi-
mental or demonstration stages. To restore riparian vegetation
in deficient areas, establishment of riparian vegetation within
the rock revetment would be preferred along 7 percent of the
riprap footage.

Applicability of Scenarios to Actual Future Work

At least four factors suggest that the ultimate mix of bank
methods applied to the 106,000 linear feet of bank identified
for protection, and thus the ultimate levels of environmental
impact, will fall nearest to those of the least-maintenance
scenario:

o the efficacy of flow-modification methods, such as
palisades, along the Sacramento River is not proven, and
expansion of their use will, at best, proceed cautiously
over the next few years;

o the use of vegetation within revetment is not practiced
and is not approved by COE; some use has been approved
by The Reclamation Board under strict spacing and spe-
cies guidelines, which are under consideration by COE;

o /site-specific hydraulic characteristics of the river
channel will render the preferred bank-fill or lower
revetment methods under the. environmentally superior
scenario     unacceptable      at      certain      locations
(reconnaissance site inventories did not evaluate
hydraulic conditions that may limit bank protection
alternatives);    these characteristics may include
marginal channel capacity that cannot be further
reduced, or high floodflow velocities that would cause
excessive damage; and

o provisions for assured maintenance of environmentally
superior methods requiring higher levels of maintenance
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expenditures have not been established but must be, so
that a decrease in flood protection reliability does not
develop.

The Preferred Alternative

At each future work site, alternative bank protection
methods must be evaluated on a site-specific basis so that all
factors affecting feasibility are fully considered. These many,
individual decisions cannot be made at the present time, and
therefore this programmatic environmental analysis approach has
been developed.    As a part of this analysis, scenarios
representing the reasonable range of the ultimate mix of
selected bank protection for the remaining authorization have
been described. In the foregoing section, the expected actual
future mix of bank protection methods within the reasonable
range was described. This actual future mix of bank protection
methods will, of course, depend upon policy of the implementing
agencies, COE and The Reclamation Board. In the context of this
programmatic document, such policy defines the "preferred
alternative," as follows.

The preferred alternative is the use of various configura-
tions and heights of rock riprap, as described for the various
river reaches at the close of Chapter 3. The preferred bank
protection method for any given site is the feasible riprap
configuration and height that is environmentally superior.
Currently experimental techniques are not included in the pre-
ferred alternative; they cannot be considered feasible until
they have proven efficacy beyond the experimental or demon-
stration stages (e.g., palisades, vegetation in revetment,
etc.). Also, methods for which long-term maintenance is not
clearly assured are not included in the preferred alternative at
this time.

Mitigation measures will be applied under the preferred
alternative to avoid, rectify, or compensate for impacts of each
bank protection method used, such that existing woody riparian
habitat and shaded aquatic habitat values are preserved inkind.
Where more-than one combination of bank protection method and
the associated mitigation effort is available, preference will
be given to maintaining or rectifying the linear continuity of
riparian habitat along the river system.

Comparison of Impacts of the Scenarios

’ Introduction

The bank protection scenarios defined and applied to the
tentatively identified sites above can be used to predict a
range of environmental impacts from future bank protection work
under the SRBPP.
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Overail~, the proposed project would increase the proportion
of Sacramento riverbank protected under the SRBPP from
approximately 35 percent to 41 percent. The effect in the
sloughs is not estimated, but is probably similar.- The
tentatively proposed bank protection would occur ~at sites with
widely differing amounts of bank protection in the vicinity,
ranging from reaches where SRBPP bank protection is completely
absent to those where it is nearly continuous (see Figure 5-1 in
Chapter 5).

In the following sections, the possible range of impacts
associated with the range of scenarios is described for the
critical environmental resources along the Sacramento River
system. These critical resources include woody riparian and
shaded aquatic habitat, special-statusplant and animal species,
and fisheries.

Woody Riparian and Shaded Aquatic Habitat

The estimated range of retention and direct loss of woody
riparian habitat and shaded aquatic habitat, the primary en-
vironmental attributes of concern, are shown in Tables 4-3 and
4-4 for the limiting scenarios. These estimates are based on
the reconnaissance inventory data for the acreage of riparian
vegetation at tentatively identified bank protection s’[tes and
on a set of approximate rates of direct vegetation removal for
the various bank protection methods.    Due to the extreme
variability of site conditions and possible riprap config-
urations, only the total estimate for all sites is considered
sufficiently accurate for use; uncertainties in the estimates
are about ±5 acres for woody riparian vegetation and ±0.5 mile~
for shaded aquatic habitat. These estimates are for losses
prior to mitigation.

Woody riparian habitat currently present at tentatively
proposed work sites constitutes about 1 percent of the total
resource along the system (Table 4-3). Along the lower river
and ~sloughs, however, as much as I0 percent of the resource is
located at the proposed work sites.    The leastrmaintenance
scenario would retain about 25 acres (28 percent) of the
existing 88 acres of this habitat at the proposed work sites,
whereas the environmentally scenario would retain aboutsuperior
64 acres .(73 percent) of the existing habitat at the sites
(Table 4-3). The estimated loss of 24-63 acres agrees well with
a 40-acre loss estimate based on extrapolation from earlier
Second Phase Work Units (see Chapter 5, "Second Phase Part 2
Impacts and Mitigation").

The least-maintenance scenarioS would retain none of the ii
miles of shaded aquatic habitat present at the proposed work
sites, .whereas the environmentally superior scenario would
retain about 2 miles (18 percent of existing habitat) (Table
4-4).    The estimated losses of shaded aquatic habitat are
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Table 4-3. Woody Riparian Habitat Retained Under
Alternative Bank Protection Scenarios

(acres)

Habitat at Tentative Bank Protection Sites
Retained    Retained Under

Total UD~er Least-- Envirorm~_ntally
Habitat Maintenance Superior

Reach in Reach Existing     Scenario Scenario

Lower Reach and Sloughs ~
(RM 0-60) 300-350 35 15 25

Middle River i
(RM 60-144) i, 870 35 7 25

!
Upper River

(BM 144-194) 6,020 ii 2 8
i

Feather River Unknown 7 1 6- !
Total -- 88 25 64
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Table 4-4. Shaded Aquatic Habitat Retained Under
Alternative Bank Protection Scenarios

(miles)
’

Habitat, at Tentative
Bank Protection Sites

Retained    Retained Under
Total Under Least- Environmentally

Length of Maintenance Superior
Reach Riverbank Existing Scenario Scenario

~.1~ 0-60) 200 5.9 "0 0.9

Middle River
(RM 60-144) 168 3.6 0 0.1

Upper River
(BM 144-194) i00 I. 1 0 0.6

Feather River N/A 0.5 0 0.4

Total -- 11.1 0 2.0
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relatively high because all types Of riprap result’ in the loss
of most or all such habitat.

The total current length of shaded aquatic habitat along
the river system has not been inventoried. At the tentatively
identified bank protection.sites., nearly 60 percent of the total
proposed site lengths.are occupied by this habitat.

~pecial-Status Plant Species

of the 108 tentative bank protection sites evaluated,
nearly 30 percent have suitable habitat for one or more of the
three well-established special-status plants (Suisun Marsh
aster, California hibiscus, and Mason’s lilaeopsis).    No
populations of these species are known to be present at the
tentatively identified bank protection sites, but detailed
surveys at sites having suitable habitat will be needed to
determine actual presence/absence of these species prior to
construction.

The Delta tule pea, a subspecies whose special status is in
some doubt (see "Vegetation - Special-Status Species" section of
Chapters 6 and 7), is known to be present at two of the tenta-
tively identified sites nearest the river’s month, and 82
percent of the 108 sites appear to have suitable habitat for
this plant.

The two documented occurrences of the Delta rule pea, and
presently undiscovered occurrences of the well-establishedany

special-status species, would be eliminated under all feasible
bank protection scenarios. Because populations of these plants
occur at the water’s edge, all of the riprap methods would
result in their removal. Flow modification methods under the
environmentally superior scenario, however, could avoid impact
to any Delta tule pea populations that occur in the upper reach.

Overall, the effect of the proposed bank protection on
special-status plant species is not materially different within
the range of feasible scenarios, although any occurrences of the
Delta tule pea in the upper river could be avoided under the ’
environmentally superior scenario.

~pecial-Status Wildlife Species

The presence of habitat for special-status wildlife species
at the tentative bank protection sites is summarized in Ta-
ble 4-5, based on reconnaissance field surveys.

The range among scenarios of possible effects on Swainson’s
hawk, yellow-billed cuckoo, and valley elderberry longhorn
beetle habitat generally correspond to the range of retention of
woody riparian vegetation described above. Suitable Swainson’s
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Table 4-5. Special-status Wildlife Species Habitat Potentially Affected

By Pr~c~s~ Ban~ ProtoZOon Work

Lower Middle Upper Percent
Sacramento Sacramento Sacramento ¯ of

River (RM 0-60) Feather River River All Work
and Sloughs River (RM 60-145.) (RM 146-194) Total Sites

Ntm~3er of Surveyed Work Sites 61 5 32 II 109

Swainson’ s Hawk
DFG documented nest site 1 0 3 0 4
DFG documented nest territorya 0 1 3 0 4
DFG or NDDB documented

territory within 1/2 mile 2 0 13 1 16
Suitable nesting habitat at site 31 5 31 I0 77 71 ~

Yellc~-billed Cuckoo ~o
NDDB d~ted sighting at or o

adjacent to site 0 0 0 6 6 ~
Suitable habitat at site 0 0 9 4 13 12 ~

Bank Swallc~ o
DFG documented colony at site 0 0 0 0 0 ~
DFG documented colony within 500 feet 0 0 2 0 2
Site has sc~e potential for , O

colonization 0 2 11 5 18 17

Valley Elderberr~ Lon@horn Beetle
Elderberry plants present 2 5 19 8 34 31

Giant Garter Snake
.Site has some potential as habitat 9 0 0 0 9 8

Source: Jones & Stokes Associates reconnaissance field survey; see Table 6-2 of Chapter 6 for state and federal
status o

a Location at which hawks were documented defending territories during the breeding season. The actual nest was

not located during the DFG River float survey. Nests were presumed to be in the immediate area
(Schlorff pers. ccnm.).                                          . ..

NDDB = Natural. Diversity Data Base of the Nongame-Heritage Program of the California Department of Fish and
Game.



hawk nesting trees Occur at over two-thirds of the tentatively
identified work sites. Occupied nesting territories have been
documented .at eight of these sites. At four of these eight
territories, the actual nest was located by DFG staff (Schlorff
pers. comm.). This known or potential habitat would be largely
lost under.the least-maintenance scenario, but would be largely
retained under the environmentally superior scenario. The same
range of impact applies to streamside portions of yellow-billed
cuckoo habitat, which is present at 30 percent of the upper and
middle river sites, and for valley elderberry longhorn beetle
habitat, which is common at middle and upper river sites (Table
4-5).

The range of effects on bank swallow habitat would depend
on the amount of flow modification used to avoid disturbance to
steep, eroding banks along the upper river. No colonies are
currently at the proposed bank protection sites,, but" one site~
has an abandoned colony, two sites are adjacent to active col-
onies, and about one-third of. the sites along the middle and
upper river may have suitable habitat. The abandoned colony and
about one-half of the suitable habitat would be preserved in the
short term under the environmentally superior scenario, whereas
all would be lost under the least-maintenance scenario.

Chapters 6 and 7 provide more detailed descriptions of
special-status wildlife species occurrences and potential im-
pacts.

Fisheries

The range of possible effects on chinook salmon rearing
habitat correlates with the range of retention of shaded aquatic
habitat as described above; the least-maintenance scenario would
eliminate all of this habitat at the bank protection sites,
whereas 15-20 percent would be retained under the environmental-
ly superior alternative. The latter would also be intended to
create conditions suitable for regrowth of shading bank vege-
tation and instream woody cover, where low rock riprap is used
at about one-third of the lower river sites.

Cost Comparison of the Scenarios

Relative unit construction and maintenance costs for vari-
ous bank protection methods were presentedin Chapter 3, "Alter-
native Methods of Bank Protection" (Table 3-3). These unit
costs have varying reliability; some may change significantly as
more ~experience with each method is .gained. Nevertheless, the
relative construction costs and annual operation, maintenance,
and replacement (0, M, and R) costs for both scenarios can be
reasonably estimated based on these unit costs (Table 4-6).
These total costs, the present worth of these costs, and the
ratios between them are shown in Table 4-7.    The use of
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Table 4-6. Estimated Bank Protection Costs of the Scenarios

Construction Annual OM&R

I~ngth Cost Total cost Cost     Total Cost
(ft) (SIR) (million $) (SIR) (~s~ $)

I Bank-fill riprap to bank SH~L 25,600 250 6.40 0.30 7.68or
Bank-cut riprap to SENL 31,300 190 5.95 0.40 12.52

i Bank-cut riprap to top b~k 41,75____~0250 10.44 0.50 20.88

Total " 98,650 22.8 41.1

!
En~tall7 Superior Scenario

Bank-fill riprap to top bank or SHWL 27,300 250 6.83 0.30g 8.19
Bank-cut riprap to SHWL 3,400 190 0.65 0.40. 1.36
Bank-fill riprap to LWL 13,100 230 3.01 0.60~ 7.86

I ~ B~nk-fill riprap and gabion to LWL 5,700 240 1.37 0.60z 3.42
Berm restoration 7,400 240 I. 78 2. I01 15.54~

0.60~,f     4.44~

Middle and Upper River                                                              ~

I Bank-cut or fill riprap to 3,950SHWLb 0.75f265 1.05 2.96
Bank-cut or fill riprap to top bankb 4,900 280 1.37 0.50. 2.45
Bank-cut riprap to SHWL 3,000 230 0.69 0.75r 2.25
Bank-cut riprap to top bank 2,150 250 0.54 0.50 1.08

I . Bank-fill riprap to top bank 4,000 310 1.24 0.50~ 2.00
Bank-fill riprap to SHWL 13,000 300 3.90 0.75~ 9.75
Flow modification I0,750 250c 2.69 2.50a 26.88
Establish vegetation in portion of (5,800| ? ? ? ?

I riprap -- -- --

Total9 98,650 25. ie 83.7/
72.6a’e

i        a Cost for decade I/ cost for decades 2-5.

b Average value employed.        .
c Value is for a single installation of palisades at Woodson Bridge [Woodward-Clyde and Associates 1~86}.

I d Value is for fences (COE 1981} ; palisades CM&R costs are c~mpletely unknown at this time.
¯ e Does not include costs to establish and maintain vegetation in 5,800 feet of revetment at middle and upper

river sites where vegetation is lacking in the vicinity.           ~
f Average maintenance costs are assumed to increase 50% for t!he lower revetment configurations because erosion

I will occur above the rock at s~e sites.
g Average maintenance costs are assumed tD be 25% less than for bank-cut riprap to SHWL because average revetment

heights will be lower.

!
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Table 4-7. Co~m~rison of Bank Protection Costs of the Scenarios

!
Construction         Annual          Present Wortha

Cost OM&R Costs (millions $) -S~
(millions $) (thousands $) i=4%     i=8%

Least-Maintenance
Scenario 22.8 41.1 23.7     23.3

Environmentally b
Superior Scenario 25.1 83 ~ 7~ 26.8     26.1

72.6~

Ratio i. I0 2.04~ I. 13     i. 12
1.77~

Present worth varies according to the assumed time value of money, i =
4% represents the long-term cost of capital in the private sector as
measured by the return on AAA corporate bonds after adjustment for
inflation, i = 8% approximates rates used by COE in evaluating
maintenance costs for bank protection, along the Sacramento River (0DE
1981a). To the degree that the latter is an interest rate not adjusted
for inflation, its use here would not be appropriate. The present worth
factors used above, 21.482 and 12.233 for i = 4% and i = 8%,
respectively, are based on a 50-year term.

b Additional, significant costs to establish and maintain vegetation in
5,800 feet of revetment at upper river sites are not included in this
analysis, since these costs are unknown.

Decade 1 cost/decade 2-5 cost.c
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replacement cOsts normalizes the unequal structural reliability
of the various bank protection methods.

Present worth in this context is defined as the investment
at present that would finance a project requiring expenditures
both and in the future. The future costs "discounted"now are
to the present by choosing an appropriate interest rate (i.e.,
time value of money). Conceptually, present worth is, in this
case, the sum of the construction cost and the amount that could
now be invested at a reasonable interest rate to yield an annual
return sufficient to meet annual maintenance costs. Interest
rates appropriate for this analysis are those adjusted for
inflation (e.g., a nominal interest rate of 8 percent in an
economy inflating at 3 percent implies an actual rate of 5
percent to be used in this kind of analysis).

The estimates, show that construction costs for the environ-
mentally superior scenario would be at least i0 percent higher
than for the least-maintenance .scenario (Table 4-7). The cost
of the environmentally superior scenario was computed, however,
without including a cost for experimentally establishing
vegetation in revetment at sites of woody vegetation scarcity
along the middle and upper river. Such inclusion might double
the difference in construction costs between the scenarios (to
perhaps 20 percent), but this is conjecture. The construction
cost of bank protection methods for any given site may vary by
30 percent (Table 3-3).

The similarity in construction costs arises from two
sources.    First, over a substantial length of bank, both
s~enarios would use the same method (e.g., bank-fill riprap
along the lower river; see Table 4-1 and 4-2). Second, on the
upper river, cost experimental palisadesthe assumed of the is
the same as for bank-cut riprap. The assumed unit cost of
palisades is based, however, on experience at only one
installation.

.Maintenance costs for the two scenarios are very different
(Table 4-7). This arises primarily from extensive use of exper-
imental flow modification in the environmentally superior sce-
nario (e.g.-, palisades), which is expected to have high mainte-
nance costs. The maintenance costs in establishing vegetation
in berm restoration areas would also be high, at least for the
first several years. As indicatedin Table 4-7~, the maintenance
costs of the environmentally superior scenario-are estimated to
be twice those of the least-maintenance scenario in the first
decade, and 75 percent more thereafter.

A comparison of total costs by the present worth charac-
terization indicates at least a 12 percent difference between
the scenarios (Table 4-7). Again, including the cost of estab-
lishing vegetation in revetment could increase this difference
to 20-25 percent. The large difference in maintenance costs~
between the scenarios is not greatly reflected in the total cost

4-21

C--072067
C-072067



difference because construction costs far outweigh maintenance
costs in bank protection projects.

Implications

Construction. The use of environmentally superior bank
protection methods would increase overall construction costs;
therefore, less lineal footage would be placed each year with
the same construction budget.    If annual budgets were not
increased, less bank protection would be secured or the
completion date for the protection anticipated herein would have
to be postponed.

Maintenance. The use of environmentally superior bank
protection methods increases long-term maintenance costs, which
must be borne by local levee maintenance districts.    Local
districts have historically varied in their discharge of mainte-
nance responsibilities, which .would greatly increase with the
use of environmentally superior bank protection. Failure to
provide this maintenance could represent a substantial threat of
levee failure. Thus, whereas the total costs of environmentally
superior bank protection may not greatly exceed costs of
least-maintenance bank protection, the shift of costs and re-
sponsibilities to local districts may be so great as to necessi-
tate a restructuring of the institutional arrangements governing
maintenance responsibilities, if environmentally superior bank
protection is to be secured.

Summary of Significant Environmental Consequences and
Miti@ation Measures for Alternative Bank Protection Methods

In this section, the typical impacts and appropriate
mitigation measures for alternative bank protection~ methods,
when used at any future site, are summarized based on a detailed
analysis of environmental consequences provided in Chapter 7.
Special attention i~ given to significance of these impacts and
the degree to which mitigation measures can reduce impact
significance.    This analysis, in conjunction with impact
documentation procedures described in the ensuing section,
provides, the basis for addressing environmental issues on a
case-by-case basis as bank protection sites are selected and
designs are finalized.

Riparian Vegetation and Wildlife Habitat

Any loss of woody riparian habitat and shaded aquatic
habitat is considered significant along the Sacramento River
system. Prevention of the development of early successional
habitat is also significant because sites for regeneration of
the early-successional riparian tree species are diminishing in
the face of ongoing losses to bank erosion and bank protection.
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Although any loss of these habitats results in significant
adverse effects to riparian dependent wildlife, disproportion-
ately adverse effects accrue to some wildlife species when:

o remnant riparian forests are reduced below the threshold
size and diversity needed by some species;

o ¯ major linear discontinuities are created or enlarged
along the waterways; and

o special habitat elements, such as tall-nesting trees/
are eliminated or greatly reduced in number.

Riprap Bank Protection-Methods

I~pacts.     Riprap permanently eliminates riparian
habitat as eroding banks are cut or covered with compacted fill
and covered with rock. Additional riparian habitat is lost or
reduced in productivity by clearing and soil compaction for
equipment access purposes or to satisfy levee or riprap in-
spection needs.

With the bank-cut method, riparian habitat the on bank,
berm, and possibly levee is lost, as~ well as shaded aquatic
habitat.

With bank-fill methods, berm vegetation can be completely
retained if construction is water-based, but bank vegetation and
shaded aquatic habitat are lost in proportion to the height of
the fill and revetment. Where low erosion cutfaces predominate
along the lower river, protection may need only extend .a few
feet above the low water line, and loss of bank vegetation and
shaded aquatic habitat can be minimized. Moreover, to minimize
the outward displacement of the water’s, edge, a gabion cap with
low protection can further minimize the loss of shaded aquatic
habitat. Occasionally, where stream velocities are low along
the middle and upper rivers, protection may only extend to the
sustained high water line, and disturbance to upper bank habitat
minimized. In all of these cases, some significant.loss of both
woody riparian vegetation and shaded aquatic habitat will still
occur.

Mitigation Measures. Feasible mitigation goals for
woody ripari’an and ~shaded aquatic habitats are: no net loss of
inrkind habitat value, maintenance of the existing linear dis-
tribution along the waterways, and restoration of the linear
distribution when it is below scarcity thresholds.

These goals can be achieved in.two steps. First, impacts
are avoided or minimized if feasible by using bank-fill methods
appropriate to erosion conditions and the value of riparian
habitat present, and by establishing a select clearing zone.
Second, the unavoidable losses are rectified onsite or
compensated for at nearby sites.
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Partial rectification could potentially be achieved by
establishing woody riparian vegetation within the revetted
slopes, if the risk of levee failure is found not to be in-
creased. Rectification and compensation can be achieved by
restoring berms and assuring their revegetation or by revegetat-
ing unoccupied suitable habitat in the vicinity. The use of low
restored berms can also provide conditions favorable for natural
succession. These two measures have high habitat mitigation
value if.applied in reaches where riparian habitat is scarce due
to earlier bank protection work or agricultural conversion."

The establishment of woody riparian vegetation within
revetment, according to reasonable spacingguidelines to provide
for visual inspection, could be achieved by amending levee
maintenance standards and by reducing the use of prescribed fire
for levee maintenance.    To retain woody vegetation within
revetment, reliance upon more costly mechanical means of
vegetation maintenance would probably be required, however.

To achieve the vegetation mitigation goals over the long
term, all of the efforts described above are best accompanied by
the acquisition and exercise of suitable land rights to protect
the environmental investments. If the above measures are suc-
cessfully implemented according to objective mitigation formu-
lae, such as the USFWS Habitat Evaluation Procedure, the signif-
icance of all riparian habitat losses can be reduced to
less-than-significant levels.    Specific mitigation measures,
acreages, and sites will be negotiated by the Mitigation Task
Force (described in Chapter 5), consisting of representatives of
The Reclamation Board, COE, USFWS, and DFG.

Flow Modification. The experimental palisade method is the
only potentially feasible bank protection method that could
preserve both riparian and shaded aquatic habitat with little or
no immediate loss. This method would also provide conditions
favorable for deposition of a substrate suitable for natural
regeneration of riparian vegetation. Accordingly, the palisade
system would not be expected to significantly affect riparian
habitat where used at erosion sites along the upper river above
Colusa. Mitigation needs would be minimal..

Special-Status Plant Species

Impacts of Bank Protection Methods. All bank protection
methods suitable for the lower and middle river would require
removal of Suisun Marsh aster, California hibiscus, and Mason’s
lilaeopsis if presently unknown populations are present at work
sites.    The loss of any population would be considered
significant.

Delta tule pea populations along the lower and middle
river, such as the two known populations near the river’s mouth,
would also require removal if located at the water’s edge. If
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situated on higher ground within any reach, they could be
avoided through use of bank-fill riprap methods. Populations at
the water’s edge along the upper river could be avoided through
flow modification methods. The loss of Delta tule pea popu-
lations is potentially significant, pending verification of the
potential special status as a distinct subspecies.

The removal of unoccupied habitat for special status spe-
cies is less-than-significant because of thea impact widespread
occurrence of such habitat.

Miti@ation Measures.    Where avoidance is not feasible,
losses can be compensated by enhancing existing populations or
by planting and cultivating new populations in nearby suitable
habitats; these actions should be accompanied by provisions for
monitoring and permanent protection. Successful implementation
of these measures can reduce impacts to less-than-significant
levels, but the measurement of success requires monitoring over
the reestablishment or response period.

Mason’s lilaeopsis is a state-listed rare species (see
Table 6-1) requiring special mitigation efforts. If this spe-
cies is found at any future work site in the Delta, a botanical
search for the species should be conducted upstream and
downstream of the work site at least one mile on both sides of
the river. This search will determine the regional extent and
importance of the population found at the work site. Based on
this determination., appropriate mitigation measures (e.g.,
.avoidance, compensation) for the work site ~mpacts will be
negotiated by the Mitigation Task Force.

Special-Status Wildlife Species

Significant impacts and applicable mitigation measures for
the four special-status wildlife species potentially affected by
SRBPP bank protection are shown in Table 4-8. ~The impacts and
measures shown are based on analyses provided in Chapter 7 and
on consultation with DFG biologists under the provisions ofthe
California Endangered Species Act. Where needed, adoption .of
the mitigation measures indicated in Table 4-8 will reduce
impacts to less-than-significant levels. Specific mitigation
measures and sites will be negotiated by the Mitigation Task
Force based on site-specific evaluation of proposed bank
protection.

Fisheries

Only about 3 percent of the Chinook salmon run in the
Sacramento River spawn in the entire SRBPP reach (based on redd
counts); therefore, impacts of the proposed bank protection on
chinook salmon spawning are considered less than significant.
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Table 4-8. Stmmazy of Potential Significant Inpacts and Applicable Mitigation Measures for Special-Status Wildlife Habitat o,
O

Available Bank Mitigation MeaslzresHabitat Potential Protection Methods to to Reduce Impact toSpecial-S.tatus Species Potentially Affected Significant Impact Avoid Significant Impact Less-Than-Significant Ievel

SwBinson’s hawk Areas with riparian trees Removal of documented or Bank-fil! riprap, using None available for full mitigation,
>40 ft tall occupied nest tree barge access and/or but plant tall-growing and fast

select clearing growing riparian trees (e.g.,
cottonwoods) at several nearby

Flow modification sites.

Disturbance of occupied None Avoid disturbance within 0.2-0.5 mi
nest site during con- of nests frcm April 15 to July 15
struction activities in
nearby areas

Removal of potential Bank-fill riprap Conduct survey~ during the nesting
.nesting habitat season to de~rmine if potential

Flow. modification habitat is occupied; if so, see
measures above. If potential
habitat is unoccupied, plant tall-
growing and fast-growing riparian
trees at a nearby site.

~o Yell(xe-billed cuckoo Cottonwood-willow stands Removal of habitat frun an Flow modification Inm~diately revegetate contiguous(~ at least 25 ac in area and occupied territory, sites with cottonwoods and willowsI00 m in width Bank-fill riprap to replace lost habitat (not effec-
tive in short-term) and protect
threatened offsite habitats.

Habitat loss in unoccupied Sate as above Sane as above, or replace habitat in
potential nesting habitat other areas that would provide
(riparian stand >25 ac and . greater benefits to cuckoos
>I00 m wide)



Table 4-8. (Continued)

Available Bank Mitigation Measures
Habitat Potential Protection Methods to to Reduce Iapact to

Special-Status Species Potentially Affected Significant Im~aot Avoid Significant Impact Less-Than-Significant Level

Bank swallow Eroding, vertical banks in    Loss of occupied nesting Fl~w modificatic~ (e.g., Avoid construction during nesting
sandy-loam alluvial soils habitat palisades) ; only effective season (April I0 - August I).

in short-ten~
Ccmstruct artificial banks to
simulate nesting habitat
(experimental) ; monitor use of
artificial banks

Distunbance to occupied None Avoid construction within 0.25 mi of
nesting colonies adjacent occupied colony during nesting
to work sites season (April 10 - August I)

. Loss of potential nesting Flow modification; only Evaluate site characteristics in
habitat (as defined in effective in short-term more detail to detennine if sites
Table 6-2 and as refined are actually suitable; use results
during 1986-87 DFG study) of 1986-87 DFG study to determine

suitability; if site is suitable,
replace with artificial bank
(experimental) ; monitor use

Long-term reduction in Flow modification; only Construct artificial banks to
availability of nest sites effective in short-team replace available habitat if
in Colusa-Knights Landing population or a~ount of suitable
peach habitat declines

Valley eldenberry Eld _e~be~ shrubs Loss of occupied and Bank-fill riprap Transplant to onsite or adjacent
ionghozn beetle " >3" .diameter potential’ habitat unvegetated sites. Record number of

Flow modification (e.g., elderberries r~moved during project
palisades) operaticms, and reinitiate US~WS

consultation if more ~han i00 plants
are r~noved during r~aining Second
Phase authorization. Monitor
transplanted and newly planted
elderberries to determine survival,
and replant where necessary to meet
revegetation objectives prescribed
by USFWS.

Note: See Chapter 7, .Enviromment~ C~nsequances" for detailed discussion of impacts and mitigation.



Impacts on chinook salmon rearing and migration are.poten-
tially significant. Impacts on other fish species are expected
to be less than significant. Chinook salmon rearing and mi-
gration impacts and ~appropriate mitigations vary by bank pro-
tection method:

Riprap Bank Protection Methods

Impacts. Through reduction of shading canopy, in-
stream cover, and laminar nearshore streamflow, all riprap
configurations would significantly decrease habitat quality for
juvenile salmon at virtually all sites. This is predicted to
reduce numbers of salmon escaping to the ocean and returning
upriver to spawn. If riprap is employed at a substantial number
of sites, the chinook salmon fishery would probably be signifi-
cantly affected, although data are not now available to quantify
this effect.

Construction turbidity and sedimentation, eqen if fine-
grained fill material were used (e.g., from channel dredging)
would have a less-than-significant effect on salmon rearing and
migration due to the short-term nature of the disturbance and
the.ability of fish to move beyond the turbid area.

The use of low bank-fill riprap could reduce the loss of
shading canopy to a less-than-significant level over thelong
term by allowing for regrowth of disturbed vegetation near the
water’s edge. This may also create some instream cover over the
long term. In the near term, loss of both shading ~egetation
and instream cover would be significant.

Miti@ation Measures. Use of the following measures at
specific installation sites would partially mitigate adverse
effects of riprap on rearing habitat:

o for loss of suitable rearing substrate, place 1-4
inch-diameter rock over portions Of riprap; construct,
at appropriate in[ervals, rearing benches (sloping both
laterally and longitudinally to assure suitable water
depths over a range of flows); construct fish groins
(small rock jetties); or apply some other techniques to
provide habitable substrate; and

o for loss of shade, use low bank-fill riprap or inter-
plant higher riprap configurations with woody riparian
vegetation where it can be shown to not be detrimental
to the integrity of the riprap.

Provision of instream cover (e.g., by tethering dead trees
in riprap) has no demonstrated feasibility in the Sacramento
River system and could only be used on a selective, experimental
basis. Thus, whereas the two measures identified above could
mitigate losses of shading canopy and rearing habitat to
less-than-significant levels, the loss of ins~ream cover is
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considered to be an unaVoidable adverse effect of. riprap bank
protection.

Two additional mitigation measures could be adopted, al-
though they do not directly reduce identified significant im-
pacts:

o¯ limiting bank’fill construction upstream of the project
levees to the nonspawning season, terminating operations
after November 1 of each year; and

o using experimental vegetation in revetment and woody
cover instream at two or more study sites for each
technique.

All fisheries mitigation provided should be valued through
use of objective formulae, such as a modified USFWS Habitat
Evaluation Procedure for heavily shaded riverine aquatic habi-
tat. These methods could be expanded to also value instream
habitat losses.

Flow Modification

Impacts. The palisades method can potentially pre-
serve instream cover, canopy shading, and nearshore laminar
streamflow. It may, in fact, enhance habitat for chinook salmon
rearing and migration.

Mitigation Measures. None would be required.

Land Use

All bank protection methods at some of the tentatively
identified sites may induce the conversion of an estimated 15-20
acres of woody riparian habitat to agricultural use. As with
all losses of woody riparian habitat along the Sacramento River
system, this would be a significant adverse effect. This impact
can be avoided .by acquisition of environmental easements to
protect any riparian vegetation potentially converted (see
Chapter.7 for locations).

Recreation and Aesthetics

Riprap Bank Protection Methods.     Because recreational
activity is associated with woody riparian habitat and. shaded
aquatic habitat, the loss of these habitats would concentrate
recreation activity at remaining similar areas and incrementally
diminish recreation use or quality Of use. This is a signifi-
cant cumulative effect of bank-cut and the higher bank-fill
riprap methods. An exception is where fishermen use the riprap
for shoreline access formerly unavailable due to eroding banks
or thick vegetation.    Overall, recreational fishing success
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would p~obably not be significantly changed by use of riprap for
the remaining authorization, although the mix of species caught
at riprapped sites would be expected to change.

Riprap methods would also incrementally degrade the visual
experience of boaters and adjacent roadway travelers, including
users of some state- and county-designated scenic roads. The
aesthetic impact would be less than significant for low
bank-fill riprap. For the higher bank-fill riprap, the visual
effect would be significant. The bank-cut riprap method, where
woody riparian vegetation is removed, would always entail a
highly significant reduction in visual quality.

These recreational and visual impacts can be partially or ~
¯ wholly mitigated by use of the environmentally superior bank

protection methods, as implied above, but no measures are~other-
wise feasible to further reduce or eliminate these impacts.

Flow Modification Methods.    Visible flow modification
methods such as palisades would be expected to have a.
less-than-significant effect on recreation activity but a sig-
nificant effect on aesthetic quality.    Over the long-term,
however, sediment deposition and vegetation ingrowth within
palisades will gradually reduce the aesthetic impact.

Cultural Resources

Cultural resource surveys, accompanied by site-specific
avoidance or recovery actions as warranted, will precede any
land-disturbing activities for bank protection. These mitiga-
tion actions will reduce any potentially significant disturbance
to cultural resources to less-than-significant levels.

Water Quality

None of the feasible bank protection methods, would result
in a significant adverse effect to water quality. Even the high
turbidity that would result from use of fine-grained fill for
bank-fill or berm restoration, because of its temporary nature,
would not be considered a significant impact.

Impact Overviews

Unavoidable Adverse Environmental Effects

Environmental effects of future bank protection will depend
on the sites selected for actual bank protection and the designs
actually installed. Complete avoidance of valuable biological
resources occurring at specific erosion sites will be ~ifficult.
The environmentally superior scenario embodies flow modification
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methods such aS palisades that can maximize avoidance of impor-
tant resources. In contrast, the least-maintenance scenario
embodies use of standard riprap configurations that will signif-
icantly eliminate resources at specific sites; for all config-
urations of riprap, significant losses must then be reduced
where to less-than-significant levels variouspossible using
objectively valued and negotiated mitigation measures.

The previous section summarized pote~tially significant
effects, bank protection methods to avoid these effects, and
measures to mitigate those effects. The following significant
effects must be considered unavoidable because they are.
unmitigable:

i) loss of a documented Swainson’s hawk nest tree where
bank-cut riprap must be used,

2) loss of an active bank swallow colony site where riprap
must be used,

3) reduction in the quantity and quality of instream cover
serving as rearing and migratory .habitat for juvenile
salmon virtuallywherever riprap must be used, and

4) reduction in the quality of recreational and aesthetic
resources along the Sacramento River, depending on. the
rigor o5 future riprap maintenance practices.

Relationship Between Short-Term Uses of the Environment and the
Maintenance of Long-Term Product~yity

Bank protection under SRBPP a long-termthe constitutes
conversion of terrestrial and aquatic riparian habitats to
structural facilities~to maintain the integrity and reliability
of the Sacramento Flood Control Project; the Flood Control
Project, in turn, protects urban centers, the long-term agricul-
tural productivity, and the livability of much of the Sacramento
Valley.

Bank protection under the least-maintenance scenario repre-
sents long-term conversion of riparian habitats through wide-
spread placement of rock revetments. Long-term productivity of
the overall riparian.environment will continue to be reduced as
severe discontinuities of streamside woody riparian vegetation
and shaded aquatic habitat increase. Environmentally superior
bank protection methods would counter discontinuities and allow
more long-term rectification of losses onsite. More riparian
habitat, salmon habitat, and aesthetic quality would be pre-
served.

The use of environmentally superior bank protection methods
would generally require a greater reliance upon periodic mainte-
nance over the long-term. To the degree that maintenance was
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significantly deferred, as is sometimes currently, the case with
maintenance, flood risks to the protected public would be in-
creased.

Irreversible or Irretrievable Commitments of Resources

Energy, used during construction and maintenance activ-
ities, and rock represent the primary irretrievable resources
committed by the proposed bank protection work. Use of environ-
mentally superior bank protection methods would significantly
decrease     these     commitments     in     compar±son     to     the
least-maintenance scenario.                        ..

Growth-Inducin~ Effects~

A minor inducement for conversion of 15-20 acres of ripari-
an woodland to agricultural use may occur from the proposed bank
protection. Because the~ project involves maintenance rather
than creation of a flood control system, a significant expansion
of urban or residential land uses will not occur as a result of
the proposed work.

0          pocumentation of Environmental Consequences
and Miti@ation Measures at Actual Work Sites

Bank protection methods for actual work sites will not be
finally selected until the winter before construction. At that
time, construction plans and specificatlons will, be prepared
reflecting hydraulic conditions and environmental resources at
the work sites. Based on these plans and specifications, an
interagency review team, the Mitigation Task.Force (see Chapter
5),. will examine the work sites to provide compliance with the
Fish and Wildlife Coordination Act and the Endangered Species
Acts (both federal and state).

The~final mix of.bank protection methods sel~cted for all
future work sites will thus depend on additional site-specific
evaluation-and decision making. The mix is expected to fall
within the range between the two scenarios described in this
chapter. This environmental document fully evaluates the sig-
nificant environmental consequences of bank protection within
this range.

For each ~bank protection Work site actually constructed
during 1988-1991 under the remaining Second Phase authorization,
a checklist should be used to document evaluation of the site,
selection of a bank protection method, selection of appropriate
mitigation, and applicability of this programmatic environmental
document (see Chapter i). Appendix A provides a sample Work
Site Environmental Checklist that could serve these functions.
Use of such a checklist would promote the use of environmental
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data early ~in the decision-making process and allow work within
the range evaluated in this EIR/SEIS IV to proceed without
further publicly noticed environmental impact documentation.
This internal agency process would conform to Section
15168(c) (4) of the CEQA Guidelines.
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Chapter 5

CUMULATIVE IMPACTS AND MITIGATION

This chapter discusses past bank protection work under the
SRBPP; impacts of past, proposed, and future work; and mitiga-
tion of those impacts.

First Phase Impacts and Mitigation

Under the First Phase of the SRBPP between 1960 and 1975,
approximately 440,000 feet of rock revetment were installed
between RM 0 (Collinsville) and the ends of the project levees
at RM 176 (east. bank) and RM 184 (west bank). Some of this
revetment was. also placed on sloughs in the Sacramento Delta
below RM 40 and on lower tributaries such as the American, Bear,
and Feather Rivers.

The original First Phase bank protection work did not
encompass mitigation for adverse impacts to fish and wildlife
because that work predated the environmental awareness that was
subsequently embodied in the National Environmental Policy Act
(NEPA) of 1970. In 1973, COE prepared an EIS on the SRBPP to
comply with NEPA. During preparation of the Draft EIS, COE
consulted with USFWS and DFG as required by ~he Fish and Wild-
life Coordination Act (48 Star. 401, as amended; U.S.C. 661 et
seq.). The Final EIS, filed in June 1973, reported a possible
need for mitigation of First Phase impacts and stated that the
COE would investigate this need.

In response to a request from COE, USFWS prepared a report
entitled "Fish and Wildlife Management Plan for Sacramento River
Bank Protection .Project, California" (USFWS 1976, COE 1980).
~This report aimed i) to establish the impact of First Phase
construction on fish and wildlife and 2) to develop the nature,
type, and location of mitigation, if required (COE 1980). USFWS
(1976) identified the following adverse impacts on fish and
wildlife resulting from First Phase bank protection:

I) direct loss to rock installation of 180 acres of ripari-
an habitat that did or could support woody riParian
vegetation;

2) alteration by construction clearing and subsequent
maintenance of 456 acres of riparian habitat;

3) loss of~wildlife habitat value on 3,700 acres of ag-
ricultural land adjacent to construction sites;
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4) loss of 80 miles of streambank habitat used by aquatic
mammals and fish; and

5) unquantified habitat losses for several endangered or
rare species (i.e., American peregrine falcon, southern
bald eagle, and giant garter snake).

These estimated impacts were based on the preconstruction
presence of 362 acres Of riparian woodland on 717 acres of First
Phase construction sites and on the preconstruction presence of
woody riparian vegetation along 23 miles (29 percent) of the 80
miles of bank protected with rock regetment (USFWS 1976). To
mitigate the identified impacts, USFWS (1976) recommended that
668 acres of unvegetated riverside berms be acquired through
purchase of fee title or easements and revegetated with woody
riparian species. It was assumed that such berm revegetation
would adequately mitigate terrestrial riparian habitat losses
but that fishery habitat losses could not be adequately re-

.placed. Lands suitable for such revegetation were identified in
the report. Lands were identified to maintain the linear nature
of riparian vegetation along the river in a distribution similar
to that lost. USFWS (1976) estimated a total acquisition and
habitat restoration cost of $1,200,800.

Subsequently, the USFWS (1976) recommendations were evalu-
ated by COE’s District Engineer during extensive coordination
and consultation with State and federal ~resource agencies and
the concerned public (COE 1980). All of the resource agencies
and the majority of public commentors supported the USFWS (1976)
recommendation. In March 1980, The Reclamation Board supported
the 668 acres of habitat restoration as justified and promised
to furnish the nonfederal cooperation and cash contribution to
implement it (Rinehart pers. comm.).

COE (1980) concluded that the recommended total of 668
acres should be acquired and its habitat restored, but that a
260-acre increment should be considered ~mitigation for con-
struction impacts, whereas the balance of 408 acres should be
considered as enhancement pursuant to the Federal Water Project
Recreation Act (PL 89-72, as amended). The 408 acres were

~considered .to be enhancement because it derived from deferred
maintenance (i.e., vegetation that had to be cleared because it
was not in conformance with The Reclamation Board’s levee main-
tenance standards); such maintenance was a nonfederal respon-
sibility and therefore not appropriately considered a con-
struction impact.

The COE (1980) Sacramento District recommendation then
proceeded upwards through the COE chain-of-command. In January
1981, the Department of the Army’s Board of Engineers for Rivers
and Harbors recommended that all 668 acres be acquired and
considered as mitigation; this was supported .by the Chief of
Engineers in September 1981. In June 1983, the Acting Chief of
Engineers modified the previous chief’s recommendation and
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supported acquisition of 260 acres as mitigation but none for
enhancement; the Assistant Secretary of the Army (Civil Works)
concurred in September 1984 and a requesttransmitted to the
House Committee Qn Public Works and Transportation for congres-
sional authorization of funds (Secretary of the Army 1984). The
recommended cost-sharing arrangement was 63 percent as the
federal share of first costs and capitalized operation and
maintenance costs, and 37 percent as the State of California
share.                           "

The Water Resources Development Act (WRDA) of 1986 au-
thorized the Secretary of the Army to implement the fish and
wildlife for mitigation of First Phase impacts andprogram
authorized a total mitigation cost of $1,410,000. It is not
clear whether the WRDA of 1986 authorized 668 acres or 260 acres
of mitigation; an interpretation has been requested from higher
authority in COE. To date, Congress has not appropriated the
federal share ($890,000) of mitigation costs under the WRDA of
198.6; the earliest date funds could be budgeted is fiscal year
1989, as has been requested by the Sacramento District (Yep
pers. comm.). COE and The Reclamation Board agree to acquire
First Phase mitigation lands subject to the timing and extent of
funding made available by the U. S. Congress and the California
legislature, respectively.

Second Phase Part 1 Impacts and Mitigation

Part 1 of the SRBPP Second Phase encompassed Work Units
within which abou~ feet of rock revetment were27-36, 180,230

installed along the Sacramento River and its sloughs and tribu-
taries during 1975-1982. The Second Phase was authorized by the
River Basin Monetary Authorization Act of 1974 (PL 93-251),
which provided that an estimated 10 percent of total construc-
tion costs could be spent on measures to mitigate adverse en-
vironmental impacts. Since Second Phase work was initiated,
USFWS and DFG have annually reviewed plans and specifications
for construction and annually recommended environmental measures
to avoid or compensate for adverse impacts, as required by the
Fish and Wildlife Coordination Act (DeHaven and Michny 1987).

Two primary environmental measures were used for mitigation
of impacts of Work Units 27-36: 1) acquisition of environmental
("Right 8") easements at work sites having berms 30 feet or more
in width, and 2) use of rock fill .to build eroding banks outward
where rock revetment is to be installed and thus to avoidcut-
ting back into berms occupied by woody riparian vegetation.
Berms are the relatively level areas of high terrace sometimes
occurring between the waterside levee toe and the channel bank.
Woody riparian vegetation commonly occupies berms where it does
not conflict with maintenance standards for flood control pur-
poses; in contrast, woody vegetation has ~raditionally not been
allowed on levees.
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A specific acreage target was not developed by USFWS for
environmental mitigation of Work Units 27-36.    The resource
agencies recommended that the 10 percent of construction costs
for mitigation be spent i) to protect as many acres of woody
riparian vegetation as possible using Right 8 easements or 2) to
save as many trees as possible using rock fill instead of bank
cutting in preparing the revetment slopes. No target level of
habitat protection or restoration is available against which to
measure whether impacts of bank protection work under Work Units
27-36 were fully mitigated or not. One measure for determining
mitigation adequacy could be the expenditure of the i0 percent
of total construction costs and the judgements made by the
resource agencies on mitigation at the time of each work-unit
contract.

Mitigation measures initially recommended and implemented
in the SRBPP Second Phase were based on the state of knowledge
then currently available. No mitigation measures for losses of
fishery habitats were recommended by the resource agencies and
therefore none were implemented for Second Phase Part 1 work
units. Also, it was assumed that impacts on any special-status
wildlife species were directly related to impacts on woody
riparian vegetation and that those would be mitigated, through
compensation of losses of such habitat.

Ri@ht 8 Environmental Easements

Initially for Second Phase work, The Reclamation Board
attempted to obtain Right 8 easements from property owners at
all work sites having berms of 30 ~feet or more in width. Ease-
ment Rights 1-7 are those routinely acquired for construction
and maintenance of bank protection. Easement Right 8 requires
the landowner to preserve all natural riparian vegetation con-
sistent with the flood control and levee maintenance standards.

For the early Second Phase work units, many property owners
were unwilling to voluntarily grant the Right 8 easements,
resulting ~in substantial indirect overhead costs for meetings
and negotiations by DWR staff on behalf of The Reclamation
Board. In-1984, beginning with Work Unit 38, The Reclamation
Board revised its policy, recognizing the cost, and began to
seek Right 8 easements only from willing sellers. Because of
the expensive negotiations with unwilling sellers, the environ-
mentaleasements for Work Units 27-36 cost an average of $4,006
per acre in indirect overhead cost but only $527 per acre in
direct cost (DeHaven and Michny 1987). Only 12 percent of funds
used for land acquisition were directly spent to purchase the
Right 8 easements acquired.

Right 8 easements were acquired on a total of 28 sites for
Work Units 27-36. These easements protected 231.4 acres of berm
area along a bank length of 35,340 feet. The Rfght 8 easements
thus protected an average berm width of 285 feet. The ea.sements
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were acquired at II percent of the total work sites and protect-
ed berms along 20 percent of the total length of rock revetment
installed under the I0 work units.

In a field review during 1986, DeHaven and Michny (1987)
found that nine of the 28 easement locations (32 had percent)
high wildlife habitat value, six (21 percent) had moderate
value,, and 13 (46 percent) had low habitat value. In contrast,
23, or 82 percent of the 28 locations, were considered to have
high habitat potential for wildlife, compared to existing con-
ditions, if allowed to regenerate vegetation naturally. DeHaven
and Michny (1987) attributed the great discrepancy between
actual and potential habitat values to burning, discing, and
herbicide spraying on the berms supposedly protected from such
activities by the Right 8 easements.

A 20-foot-wide maintenance easement is established landward
from the top of rock revetment, and only vegetation compatible
with access can be allowed within it. Therefore, only i0 feet
of a 30-foot minimum-width environmental easement would be
available for woody vegetation establishment if periodic mainte-
nance access was necessary.

Rock Fill as an Environmental Measure

Downstream from Sacramento, berms are narrow if present at
all. At erosion sites, rock fill is frequently used to rebuild
levee faces and thus can be justified by engineering consid-
eration. Rock fill, as opposed to soil or sediment fill, also
helps meet turbidity standards of the Central Valley Regional
Water Quality Control Board for in-water construction work.

At sites below Sacramento the total cost of rock fill was
allocated 80 percent to engineering need in rebuilding eroded
levees and 20 percent to environmental mitigation as berm pro-
tection. At sites upstream from Sacramento, berms occur more
commonly between the channel and levees and are wider. Thus,
rock fill was justified more as an environmental measure (i.e.,
berm protection) than for engineering reasons; 75 percent of
total rock .fill costs were allocated to environmental mitigation
and 25 percent to engineering needs above Sacramento.

Rock fill was used as an environmental measure to protect
riparian vegetation on berms at 89 (36~percent) of the 245 bank
protection sites in Work Units 27-36. In work units upstream
from Sacramento (i.e., 27, 29, 30, 34, and 35), rock fill as
berm protection was used at 40 percent or more of the work
sites, whereas below Sacramento, generally less than 20 percent
of worksites received rock fill for~berm protection.

Berm acres protected at the 89 sites totaled 77 acres, with
an average protected berm width of 45 feet. The 89 rock fill
sites had a total bank length of 74,090 feet, 41 percent of all
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rock revetment installed under Work Units 27-36. DeHaven and
Michny (1987) reported that construction of revetment and subse-
quent maintenance often had eliminated riparian vegetation on
the berms protected by the rock fill. Alternatively, if the
revetment had not been installed, bank erosion would have eroded
away the berm with its vegetation and the opportunity to rees-
tablish vegetation would have been lost.

In Work Unit 36, rock fill was used to construct low-level,
artificial berms protected by low-rock revetment at six sites on
Steamboat Slough. Woody riparian species rapidly regenerated on
the artificial berms and wildlife habitat values improved rapid-
ly (DeHaven and Michny 1987).

Summary

In general, DeHaven and Michny (1987) found that the per-
formance of the environmental measures implemented under Second
Phase Part 1 has not produced or maintained riparian wildlife
habitat values up to the sites’ potentials. They recommended a
number of measures to ensure better functioning of environmental
mitigation measures; these included i) ongoing evaluation of
past environmental measures to monitor their performance and to
help in selecting mitigation measures for future work; 2) im-
proving the process for acquiring easements to better use avail-
able funds; 3) modifying vegetation management practices on
levees; 4) enforcing the easement provisions about maintaining
natural vegetation; and 5) employing a full-time biologist to
help carry out the above recommendations. These recommendations
are discussed further at the end of this chapter.

Second Phase Part 2 Impacts and Miti@ation

SRBPP Second Phase Part 2 encompasses Work Units 37-47.
Construction under Work Unit 37 began in 1984. To date (May
1987), bank protection under Work Units 37-40A either has been
completed or contracted for construction during 1987.    Bank
protection under Work Unit 40B in the Butte Basin Reach is
evaluated in SEIS III/EIR. Bank protection under Work Units
41B-47 is evaluated in this EIR/SEIS IV.

For Second Phase Part 2 work units, USFWS has quantitative-
ly analyzed impacts to terrestrial resources under the pro-
visions of the Fish and Wildlife Coordination Act (48 Stat. 401,
as amended).    USFWS has identified and recommended specific
mitigation alternatives it feels are necessary to fully mitigate
project impacts. The impact analyses are based on field in-
spections of construction sites and reviews of construction
drawings and specifications by USFWS and DFG staff. The Coor-
dination Act requires that COE use the advice of USFWS and DFG
and make a finding that mitigation proposals and their costs are
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reasonable and justifiable. The USFWS Habitat Evaluation Proce-
dures are used to assist in this finding.

The impact analyses for Second Phase Part 2 follow three
general planning goals agreed to by COE and USFWS: I) mitiga-
tion shall be reasonable and justifiable relative to the impacts
caused, 2) approximately I0 percent of total construction costs
are available for environmental measures, and 3) the measures
are selected to maintain the linear distribution of woody ripar-
ian habitat along the Sacramento River (Nakaji pers. comm.).
Final selection and implementation of mitigation measures are
coordinated between COE and the resource agencies, USFWS and
DFG. Impacts on and protection~ of. threatened or endangered
species are covered separately by consultations with the re-
source agencies under the state and federal endangered species
acts.

In accordance with USFWS Mitigation Policy (Federal Regis-
tar 46:15, January 23, 1981), "woody riparian habitat" and
"heavily-shaded riverine aquatic habitat" can incur "no net loss
of in-kind habitat value" (Nakaji pars. comm.). This policy,
also followed by DFG (Parnell pars. comm.), means that losses of
terrestrial and aquatic riparian habitat values must be offset
by gains in riparian habitat values relative to the no-project
condition.    Thus, the preferred mitigation strategy of the
resource agencies is to reestablish, naturally or artificially,
woody riparian vegetation on riparian lands currently lacking
such high-value habitat, coupled with protection of the sites
through fee purchase, easements, or management agreement.
Protection of existing woody vegetation also can compensate for
losses to bank protection construction if the existing vege-
tation is threatened with conversion (e.g., to agriculture or
marinas) without the project.

USFWS estimates of acres of riparian vegetation lost di-
rectly to revetment installation and access roads for many work
units under SRBPP are shown in Table 5-1. COE, in conjunction
with other agencies, has estimated direct construction impacts
on riparian vegetation in the Butte Basin Reach (RM 176-194)
(COE 1985, COE 1986). Direct losses of riparian vegetation were
not estimated for Second Phase Part 1 work.

First Phase rock revetment caused construction and subse-
quent maintenance loss of 636 acres of woody riparian habitat
for an average of 7.6 acres per mile of installed revetment
(USFWS 1976). Work under Second Phase Part 2 in aggregate has
caused (Units 37-39) or will cause (Units 40 and 41A) loss of 36
acres or an average of 1.9 acres per installed mile (Table 5-1).
The great reduction in average acres lost between First Phase
and Second Phase may be partially attributable to the common use
of the rock-fill configuration of revetment under the Second
phase.
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Table 5-1. Acres of Woody Riparian Vegetation Lost as Construction
and Maintenance Impact of Work Units 1-41A

First Phase                                     Second Phase
Part 1                                Part 2                         Part 2     Proposed

Work Unit ~            1 - 26    27 - 36          37          38        39        40       41A aggregate 41B - 47

Installed Bank
Protection
(linear feet)                  443,520    180,227      21,775      23,158    15,391    27,925    12,800       101,049      105,500
(miles)                            84       34.1       4.12       4.39      2.92      5.28      2.42        19.14       19.98

Woody Riparian                          not
Habitat lost                             esti-
(acres)                           636     mated            5           9          5        i0          7            36            ?

Acres lost/mi
installed                        7.6           ?        1.2        2.1       1.7       1.9       2.9           1.9            ?

Sources                         (USFWS                         *            *     (COE       (COE           *
1976)                                            1985)    1986a)

¯ = USFWS letters under Fish and Wildlife Coordination Act, dated as follows:

Unit 37 - February 29, 1984
Unit 38A - April 20, 1984
Unit 38B - October 18, 1985
Unit 41A - February 24, 1987



The average acres lost per installed mile for past Second
Phase work can be extrapolated to proposed Second Phase Work
Units 41B-47. Such a projection amounts to about 40 acres of
woody riparian habitat expected to be lost directly to the SRBPP
Second Phase in the future (i.e., 1.9 ac/mi x 19.98 mi). This
estimate does not encompass any indirect impacts such as land
use conversions of riparian vegetation. This 40 acres repre-
sents ¯ about 0.5 percent of remaining woody riparian habitat
along the project reach in 1984. This estimate falls within the
range of projected losses of this habitat type for the
least-maintenance and environmentally superior alternatives
discussed in Chapter 4.

Anticipated Future Phases

The Reclamation Board has requested COE to begin planning
efforts for a Third Phase of the SRBPP (Barsch pers comm.)
This request is based on a foreseeable need to continue bank
protection repairs on the existing levee system beyond the
currently authorized Second Phase footage. S~bsequent environ-
mental documentation under NEPA and CEQA will be prepared for
such future Third Phase.a

Cumulative Impacts

A cumulative impact is the enwironmental change resulting
from the "incremental impact of the project when added to other
closely related past, present, and reasonably foreseeable proba-
ble future projects" (CEQA Guidelines Section 15355).    The
cumulative impacts of the SRBPP can be considered from two
perspectives: i) the total amount of rock revetment previously
installed and likely to be installed in the future, and 2) the
historical reduction in riparian vegetation extent ~along the
Sacramento River.    It is assumed that cumulative effects on
special-status wildlife, fish, and plant species dependent on
riparian habitat (terrestrial and aquatic) are directly cor-
related with the cumulative reduction in riparian vegetation.

Cumulative Reduction in Riparian Ve@etation

Several studies have produced-estimates of acreage of woody
riparian vegetation currently existing;-~in the project area (RM
0-194). Jones & Stokes Associates (1983) estimated that about
6,200 acres of mature and young-growth riparian forest occurred
between Colusa (RM 143) and Chico Landing (RM 194) in 1980, and
another 4,200 acres occurred from RM 195 upstream to Red Bluff
(RM 243).

For this study, we estimated areas of woody riparian vege-
tation along the Sacramento River from the COE (1984) Aerial
Atlas. The lower reach, RM 0-59, supported approximately 190
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acres of woody riparian vegetation at an average of 3.2 acres
per mile (see Figure 6-2 in the following chapter). The middle
reach, RM 60-145, supported about 1,870 acres of woody riparian
habitat at an average of 22 acres per river mile (Figure 6-3).
The upper reach to Chico Landing, RM 146-193, supported 6,022
acres or an average of 125 acres per mile (Figure 6-4).

Total acreage of woody riparian habitat in the project
reach was thus about 8,100 acres in 1984. Adding the Jones &
Stokes Associates (1983) estimate for RM 194-243 estimate to the
RM 0-193 figure produces a total for the Sacramento River to Red
Bluff of about 12,300 acres. This corresponds well to the esti-
mate of 12,000 acres by Roberts et al. (1977).

Katibah (1984) reviewed all available historical~ sources
and calculated estimates of presettlement riparian forest for
various segments of California’s Central Valley; his figures for
the Sacramento River total about 500,000 acres. Thus, the area
of woody riparian vegetation along the Sacramento River has been
reduced to somewhat less than 3 percent of its historical ex-
tent. Other authors have also suggested that current woody
riparian vegetation occupies less than 2-3 percent of its
presettlement area (e.g., USFWS 1976, USFWS 1984a).

Given the importance and value of woody riparian vegetation
to wildlife and fisheries, and the great cumulative reduction to
date, any further reduction in woody riparian vegetation must be
considered a significant adverse impact from the cun~lative
perspective.    USFWS recognizes the significance of further
losses by assigning woody riparian habitat to Resource Category
2 under its Mitigation Policy. The mitigation goal for this
Resource Category is "no net loss of in-kind habitat value;" any
project-induced loss of woody riparian vegetation must be com-
pensated by gains in value of such habitat elsewhere.

Cumulative Bank Protection Installed and Proposed

To date, through Work Unit 40A, about 699,941 lineal feet
of rock revetment have been installed under the SRBPP. Percent-
ages of ban.k length along the Sacramento River protected by this
revetment to date are given in Table 5-2 by river reach. Also
shown are bank length percentages protected at the completion of
all Second Phase authorization under the SRBPP and including all
nonproject rock work installed prior to the SRBPP.

All work completed and proposed under the SRBPP is estimat-
ed to occupy 44 percent of the river banks below Sacramento and
lesser percentages in reaches above Sacramento (Table 5-2).
Total bank-length percentages occupied by both SRBPP and
non-SRBPP riprap are large; the non-SRBPP riprap was not con-
structed and maintained to modern COE standards, however.
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Table 5-2. Cumulative Installation of Riprap Bank Protection by Reach of the SRBPP Area

Percenta@e of Sacramento River Bank Iength Occupied B~:
Rock Revetment Rock Revetment All Constructed and

Constructed Constructed and Proposed Rock Work
Under SRBPP To Date Proposed Under SRBPP Including That

Reach Through Work Unit 40A Through Work Unit 47 Prior to SRBPPa

Collinsville - Sacramento 38 44 75
RM 0-63 ~

Sacram~ito - Colusa 35 39 60
~ RM 63-143 ~

Colusa - Chico Landing 28 30 <50 ~
RM 143-194

O

Source: Angel pers. cc~m.

a Scme of historical nonproject riprap is no longer effective, has been washed out, or is covered with

sediments.



I
Figure 5-1 shows the extent of completed and proposed SRBPP

riprap by river mile. Lengths of individual installations were
initially indexed by the center points of the installations;             1
because some individual installations exceeded one mile in
length, totals indexed by river mile were then averaged over
three-mile intervals,                                                                     i

A linear footage of 5,280 ft of riprap in a mile is equiva-
lent to 50 percent of both river banks in that mile being oc-
cupied by riprap. Many river miles are more than 50 percent
occupied by riprap, particularly between RM i0 and RM 50 (Figure
5-1).    In contrast, other river miles are noteworthy for a
complete absence of riprap. Nearly all work proposed under Work
Units 41B-47 is tentatively indicated for river miles containing
previous riprap installations.

!
Mitigation of Cumulative Impacts

Current Status

Table 5-3 summarizes the status of impact mitigation for
all past work units under the SRBPP, as discussed previously.
USFWS recommended specific mitigation targets (acres to be
protected by easements or acres to be revegetated with woody
riparian plants) for First Phase and Second Phase Part 2 work
units. USFWS did not develop specific mitigation acreage tar-
gets for Second Phase Part 1 bank protection.

The mitigation recommendations for First Phase work have
not been implemented to date. Although mitigation was imple-
mented for Second Phase Part 1 work, woody riparian habitat
values on most of the environmental easements acquired were
substantially less than their potentials (DeHaven and Michny
1987). Implementation of USFWS’s specific mitigation recommen-
dations for Work Units 37 and 38 has been documented in COE
letters to USFWS and DFG; 92 acres of environmental easements
were acquired in two parcels for mitigation of Work Unit 38.
Mitigation for Work Units 39 and 40 in the Butte Basin Reach is
currently being implemented by acquisition of 227 ac, as dis-
cussed in SEIS III/EIR. Likewise, mitigation for Work Unit 41A
in the Delta is also currently being implemented as described in
The Reclamation Board (1987b) EIR.~

Significant unmitigated impacts on riparian vegetation and            1
wildlife habitat remain from past bank.protection work under the
SRBPP First Phase. The Reclamation Board and COE are committed,
however, to acquiring First Phase mitigation lands as authorized
by Congress in 1986 and subject tO the timing and extent of
funding made available by Congress and the California legisla-
ture.
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..--...,. COMPLETEDICONTRACTED WORK
UNITS 1-41A

~ PROPOSED WORK UNITS 41B-47

.FIGURE 5-1.    COMPLETED AND PROPOSED EXTENT OF SRBPP RIPRAP BY RIVER MILE
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Table 5-3. Current Status of Mitigation Implementation and Performance for the SRBPP

First Phase Second Phase
’Part 1 Part 2

Works Units:    1-26 27-36 37 38 39 40 41A

Years of Construction: 1963-1974 1975-1982 1984 1984-1985 1985 1986-1988 1987

Did USFWS recommend mitigation acreage yes no yes           yes           yes yes yes
target? (date of recommendation) (5-3-76) (2-29-84) (4-20-84) (12-11-84) (1-29-87) (2-24-87)

(I0-18-85)
Was initial mitlgatlona implemented? no yes noc yesd in processe in processe in processf

Was initial implementation of
mitigation documented? -- no -- yes ...... ~

Was initial implementation adequate? -- yes -- yes ......

Has mitigation performance~ been
checked or monitored? -- yes .......... ~

Has performance been documented? -- yes .......... ~
(DeHaven and
Michny 1987)                                                                             ~)

Has performance been adequate? -- not on ..........
most sites

-- = not applicable
a "Initial mitigation" denotes purchase of environmental easements or compensation lands at completion of construction.
b "Mitigation performance" denotes relationship between actual habitat value present on mitigation sites and potential habitat value.
c For Work Unit 37 in the Delta, suitable mitigation sites could not be located.
d Environmental easements acquired on two parcels in 1986, totaling 92 acres; USFWS recommended 4.4 ac be acquired as habitat

mitigation.e The Reclamation Board, COE, USFWS, and DFG have negotiated 227 ac of habitat acquisition to mitigate both endangered species and

general wildlife impacts for Work Units 39 and 40 in the Butte Basin Reach.
f The Reclamation Board, COE, USFWS, and DFG have negotiated I0 ac of habitat compensation for Work Unit 41A in the Delta.



USFWS has not requested or recommended mitigation for
losses of aquatic rearing habitat prior to Work Unit 40 in the
Butte Basin Reach. For Work Unit 40, USFWS recommended that
analysis of several experimental approaches (e.g. palisade bank
protection, fish groins) be conducted to develop a feasible
mitigation approach for such rearing habitat (McKevitt pers.
comm. [1987]). No specific mitigation measures for losses of
this habitat have been recommended to date. More information on
this issue is provided in SEIS III/EIR (COE 1987a).

Relationship of SRBPP Mitigation to Other Riparian Habitat
Preservation Efforts

Environmental groups and resource agencies support the
establishment of a Sacramento River National Wildlife Refuge
encompassing remaining stands of riparian vegetation along the
river from Colusa to Red Bluff. USFWS (1984a) identified 65
parcels, totaling about I0,000 ac, of private lands supporting
riparian vegetation suitable for inclusion in a habitat pro-
tection program in this reach. About 2,300 ac of riparian
habitat are already publicly owned by state or federal agencies
in this reach. As directed by Congress in 1986, USFWS will soon
complete a proposed plan for developing a national wildlife
refuge between Colusa and Red Bluff.

As a result of California Senate Bill 1086 passed in 1986,
the California Wildlife Conservation Board is currently funding
$150,000 of studies to locate and characterize terrestrial and
aquatic riparian habitats suitable for acquisition and restora-
tion between Verona (RM 80) andKeswick Dam (RM 302) ~(Unkel
pers. comm.). In a companion effort, the interagency Upper
Sacramento River Task Force is developing a plan to preserve and
improve fish and wildlife habitat and riparian vegetation along
the upper river.

Bank protection adversely affects the linear strip of woody
riparian vegetation and shaded aquatic habitat immediately at
the river edge. The mitigation policy followed by resource
agencies for both woody riparian habitat and shaded riverine
aquatic, habitat is "no net loss of in-kind habitat value." This
means ~hat large blocks of riparian vegetation away from the
river’s edge do not adequately compensate for losses of river’s
edge habitat due to bank protection.

Purchase or other protection of existing riparian vege-
tation can compensate for losses of habitat when that habitat is
threatened with conversion to another land use. For example,
riparian lands above Colusa may be converted to agriculture,
whereas in the Delta, riparian lands may be converted to marinas
or other recreational uses. Compensation is thus provided by
increases in habitat value above that lost to conversion if the
project was not undertaken.

5-15

C--072095
C-072095



In summary, establishment of a national wildlife refuge has
merit; such an effort can be used to mitigate for bank pro-
tection impacts where river’s edge terrestrial and aquatic
habitats are protected from conversion within the refuge.

Current Mitigation Process

To improve mitigation results, COE and The Reclamation
Board, in conjunction with the resource agencies, are developing
a comprehensive mitigation strategy for both new work and lands
previously acquired. USFWS was requested to examine the status
of certain past mitigation efforts with emphasis on habitat
values on environmental easements previously obtained (DeHaven
and Michny 1987). The mitigation strategy under development has
a number of components, some of which are based on the recommen-
dations of DeHaven and Michny (1987); some have been adopted and
others are still being examined for feasibility. Implementation
of this process will substantially ensure the improvement of
habitat values on past mitigation lands and enhancement of
future efforts.

Mitigation Task Force. Representatives of COE, The Recla-
mation Board, USFWS, and DFG form a "Mitigation Task Force" to
pursue a team approach in monitoring and solving past mitigation
problems and in providing ~mitigation for future bank protection
work. Specific functions of the Mitigation Task Force are:

i) to evaluate past mitigation, identify problems, and
recommend solutions;

2) to review construction specifications and plans for
future bank protection work and recommend specific
mitigation measures;

3) to select appropriate means to mark easement boundaries
in the field;

4) to provide a forum for negotiations among the resource
agencies, COE, and The Reclamation Board on how to
achieve adequate mitigation while obtaining "maximum
overall project benefits"; and

5) to provide educational outreach to landowners and local
reclamation and levee maintenance districts on the value
and importance of riparian habitat, and to seek their
cooperation with environmental easements, revegetation,
and other mitigation measures (see below).

Another valuable function of~ the Mitigation Task Force
could be to prepare an annual report on mitigation implementa-
tion and performance for the SRBPP.
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~mproved Information for Landowners and Reclamation Dis-
tricts. As identified by DeHaven and Michny (1987), environ-
mental easements have often not functioned to protect woody
riparian habitat. In some cases, landowners did not understand
either the purposes of these easements or their responsibil-
ities. In other cases, reclamation districts responsible for
levee maintenance did not know the easements existed or what
their boundaries were. COE and The Reclamation Board are initi-
ating an effort to overcome these causes of mitigation failure
(King pers. comm.). The Mitigation Task Force will be responsi-
ble for directing this effort.

Specific topics will be:

I) locations and boundaries of environmental easements;

2) protection of Vegetation and habitat values both on
environmental easements and on other riparian lands;

3) management techniques for levees and berms not covered
by environmental easements; and

4) means to gain better cooperation by landowners and
reclamation districts.

COE has committed to pursuing this effort; its success will
be evaluated in protecting habitat values in mitigation areas
(Hess pers. comm.).

Inspection of Environmental Easements. The Reclamation
Board has assigned its levee inspectors responsibility for in-
specting Right 8 environmental easements during their biannual
inspections of the levee system. They report violations of
easement provisions to the Mitigation Task Force for inves-
tigation of cause of the violation and means of correcting it.
For example, provision of a map showing easement boundaries may
be sufficient to gain landowner cooperation.

Revisions of Vegetation Management on Levees. The Reclama-
tion Board has issued a new "Guide for Vegetation on Project
Levees" (The Reclamation Board 1987a) that permits more vege-
tation on levees and in revetments than previously allowed. If
the new policy is adopted by COE, the Standard Operation and
Maintenance Manual for the Sacramento River Flood Control Proj-
ect may be revised and made consistent with The Reclamation
Board policy for levee maintenance. Such changes in levee
vegetation management could substantially improve riparian
habitat conditions along many project levees, although the
primary purpose of the levees is flood protection.

Full-Time Staff Position for Miti@ation Efforts.    The
Reclamation Board is pursuing the possibility of hiring a
full-time wildlife biologist or vegetation ecologist to develop
and monitor mitigation efforts. This person could serve as
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staff to the Mitigation Task Force in carrying out the purposes
identified above. For example, this person could develop mate-
rials (e.g., easement maps) for the improved information effort
in assisting landowners and reclamation districts, and could
investigate infractions of easement provisions. Also, designing
and implementing new mitigation efforts (e.g., revegetation
plantings) could be directed by this person.

Revisions to Easement Language. The Reclamation Board is
currently investigating the value of changes in the Right 8
easement language (King pers. comm.). For example, it is not
clear whether such language needs to be strengthened, made more
specific, or otherwise changed. The goal of any changes would
be to achieve better protection of riparian vegetation while
ensuring better landowner cooperation.

Transfer of Environmental Easements to the Wildlife Conser-
vation Board. The Reclamation Board has opened discussions with
the Wildlife Conservation Board (WCB) as to the feasibility of
transferring easement acquisition and management. WCB adminis-
ters several acquisition programs for resource agencies such as
DFG. Topics for these discussion include the ~following:

i) compatibility of Reclamation Board management interests
within the levee system and WCB management interests;

2) desirability of WCB management of the commonly narrow
strips (<50 feet wide) along tops of bank protection
installations;

3) reduced overhead costs in acquiring easements that might
be possible with a WCB acquisition program; and

4) more appropriate management of wildlife habitat values
under WCB administration.

Mitigation Recommendations

Efforts are needed in three areas to adequately mitigate
for the significant impacts of past bank protection work.

Mitigation for First Phase Work.    Mitigation through
riparian habitat reestablishment will be implemented, subject to
the timing and extent of funding made available by the U. S.
Congress and the California legislature, as supported by the re-
source agencies, The Reclamation Board, and COE.

Second Phase Part 1 Mitigation. COE and The Reclamation
Board are taking steps to ensure adequate performance of the
mitigation for Second Phase Part 1 work. A total of 231 acres
were acquired as Right 8 environmental easements associated with
this work. These areas are inspected regularly and COE and The
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Reolamation Board are wOrking to ensure their riparian habitat
values are enhanced and protected.

Second Phase Part 2 Mitigation. Since 1980, USFWS has
developed specific recommendations of target acreages and other
measures for mitigation of Second Phase Part 2 impacts under the
Fish and Wildlife Coordination Act. The Mitigation Task Force,
consisting of representatives of COE, The Reclamation Board,

i USFWS, and DFG, negotiates appropriate mitigation measures and
sites for each work unit. COE and The Reclamation Board could
document on a regular (e.g., annual basis) the status of imple-
mentation for mitigation under each work unit. For example,
such documentation could be provided in an annual report on
mitigation implementation.

Conclusion. Continuing implementation of these mitigation
recommendations will reduce the cumulative impacts of the over-
all SRBPP to less-than-significant levels.,!
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Chapter 6

AFFECTED ENVIRONMENT

Introduction

The environment potentially affected by the SRBPP consists
of low-lying areas of the Sacramento Valley and the Sacramento-
San Joaquin Delta, areas protected from flooding by the
Sacramento River Flood Control Project. Because a levee failure
would threaten a large population and substantial improvements
in a wide area of California, the no-project alternative is not
considered a feasible alternative and is not examined in detail
in this document. Accordingly, the affected environment for the
SRBPP, as treated herein, is comprised only of the channels,
riverbanks, levees, berms, and floodplains within the levees,
immediately adjacent lands, and contiguous riparian woodlands of
the Sacramento River and its Delta sloughs from the river mouth
(RM 0) to Chico Landing (RM 194). No bank protection has been
authorized or is proposed under the SRBPP for the river upstream
of Chico Landing.

Development of The Flood Control System

The development of flood control along the Sacramento
Valley rivers has been described as follows (COE 1972):

"Prior to the beginning of agricultural development in
the highly fertile Sacramento Valley, a large part of the
area was subject to periodic inundation by flood flows from
Sacramento River and its tributaries. The flood plain,
varying in width from about 2 to 30 miles, was about 250
miles long from the mouth of the river to the vicinity of
Red Bluff, and covered over one million acres. Much of the
flood plain was covered with a dense growth of tule.
Between the river bank and the tule lands were areas of
higher ground called rimlands, formed by sediment deposits
along the channels. The rimlands formed low natural levees
which were accessible by water transportation. Since they
were susceptible to only occasional flooding, the rimlands
were the first to be occupied and developed for agricul-
ture.

"Prior to 1850, some low levees were constructed by
individual landowners, and by 1894 there were many miles of
levees along the river and along adjacent stream channels.
Some areas were formed into districts around which levees
were constructed to provide flood protection. Many such
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districts are islands surrounded by leveed waterways.
However, as additional levees were constructed, high water
levels were raised and other areas became subject to flood-
ing due to increased flood heights.

"Flooding problems were aggravated by hydraulic mining
in the upstream mountainous areas between 1853 and 1884.
During this period, millions of tons of mining debris
(silt, sand, and gravel) were deposited in the mountain and
valley streams. The beds of the Sacramento, Feather, Yuba,
Bear, and American Rivers were raised as much as 20 feet in
some reaches. By the mid 1870’s, adjacent agricultural
lands were being flooded and covered with hydraulic mining
debris to such an extent that agricultural interests filed
suit against the mining companies and, in 1884, a United
States Circuit Court decree stopped virtually all hydraulic
mining operated without a means of restraining debris. In
1893, the Congress passed the Caminetti Act, which created
the California Debris Commission and gave it the respon-
sibility of regulating hydraulic mining activities, improv-
ing the navigability of rivers in the Central Valley, and
controlling floodwaters.

"A number of alternative plans were considered by the
Debris Commission for flood prevention along the Sacramento
River and its tributaries, including storage reservoirs,
confining the rivers to single main channels, and improving
the river channels to maximum capacity supplemented by
leveed floodway bypasses.    The leveed floodway bypass
concept was adopted by the Commission and is the basis for
the existing Sacramento River Flood Control Project."

In 1917, Congress authorized the Sacramento River Flood
Control Project, the first major flood control activity of COE
with the exception of work along the Mississippi River (COE
1980). The flood control project has grown to now encompass
about 980 miles of levees, five overflow weirs, drainage pumping
plants, flood bypass channels, and storage basins along the
Sacramento River to RM 184 and along lower reaches of major
tributaries. This system protects about 800,000 acres of ag-
ricultural-lands and more than 1,000,000 people in 50 towns and
communities from flood damage.

Hydrology

Streamflow

Streamflow in the Sacramento River varies substantially
both seasonally and annually. In winter, runoff varies in
response to rainfall from moist maritime air masses originating
over the Pacific Ocean as they are deflected upward by the
mountain ranges of northern California and southernmost .Oregon.
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~he r±Ve~ also rises appreciably during spring snowmelt in the
Sierra Nevada mountains; when rainy periods occur during
snowmelt, extreme runoff occurs. In summer, invariably, dry
weather generates virtually no runoff, and the low flow origi-
nates almost exclusively from influent groundwater throughout
the system and from irrigation return flows in the Sacramento
Valley.

Examined quantitatively, the regulated I0,000 cfs low flow
(in the upper reaches) is increased about five fold during the
average annual high flow event (COE 1981a). The average is not
typical, however, since both drought years and massive runoff
events present great streamflow variation. In 1977, for exam-
ple, the peak runoff was only about 50 percent higher than the
average low flow. On the other hand, individual storm se-
quences, such as those of the week of February 7, 1986, can
generate runoff some 26 times the average annual flow, and the
estimated 100-year floodflow would be even higher. Much of the
runoff during these large flood events is diverted from the main
channel to the flood control bypass system.

These flow Variations are less than those that formerly
occurred, large now regulate bysince reservoirs streamflow
lowering storm runoff peaks and augmenting summer flow. Re-
ductions in runoff peaks are accompanied by longer durations of
sustained high water, as reservoir stormwater detention is drawn
down.

Erosional Regimes

Bank material is generally removed in proportion to stream-
flow along the Sacramento River (COE 1981a). Thus, both brief,
very large runoff events and sustained high-water periods can
remove substantial material from the river’s banks. The initia-.
tor of this bank erosion can be the tractive force of floodflow
itself, as magnified by channel obstructions and reduced capaci-
ty, and the attendant collapse of saturated bank materials.
Erosion can also be initiated by the removal of bank vegetation
at low water shoreline from repeated wind wave or boat wake
impingement, and by headward erosion of overbank inflows.

Within the SRBPP area, the Sacramento River passes from a
continuously eroding and depositing, meandering stream at RM
194, with moderate flow velocities, to a series of low-velocity
distributary channels in the Delta, closely bordered by levees.
Thus, erosional regimes differ between reaches within the proj-
ect area.

Lower Reach (RM 0-63). Below Sacramento (RM 63), relative-
ly low velocity floodflows (<6 feet per second [fps]) predomi-
nate (Veres pers. comm.). Channels of the main river and
sloughs are relatively straight, as the river flow is distribut-
ed in the network of Delta channels.    These channels are

6-3

C--0721 02
(3-072102



bordered by relatively low and narrow "berms, or remnant flood-
plains, enclosed by levees closely paralleling them.

Bank erosion is gradually removing the berms throughout
most of the lower river, and in many places erosion has com-
pletely removed the berm and encroached on the levee itself.
The primary initiator of this streambank erosion appears to be
boat wake and wind wave attack of the bank vegetation and soils
at the low flow water surface elevation. Once vegetation is
removed, this wave action, or sloughing of saturated columns of
bank materials following reductions in the water surface
elevation, continues to undermine the banks.    Floodflows
exacerbate the situation by removing exposed bank materials and
scouring additional material.

The relationship of boat wake, wind wave, and floodflow
erosion in the Georgiana Slough was evaluated by the U. S.
Geological Survey (Limerinos and Smith 1975). Although the
proportion of observed erosion due to each of these causes on an
annual basis was not estimated, it was observed that fully
one-half of the bank erosion occurred during low flow months.
Boat wake erosion was identified as a significant factor in bank
erosion along the Delta waterways.

The wavewash attack is aided by a tidal influence, extend-
ing to Sacramento. Diurnally, the low water surface rises and
falls, causing the wavewash zone to fluctuateaccordingly.

Flood stage berm or levee erosion, above erosion initiated
at the low flow water surface elevation, is apparently not
widespread in Delta channels. At some sites, floodwaters have
scoured the berm surface or the levee slope above the berm, but
for the most part berm vegetation has successfully resisted
floodflows. At riprapped sites, erosion above the revetment has
sometimes occurred, but usually where compacted embankment was
placed above the rock and revegetation was not secure.

Middle Reach (RM 63-144). Below Colusa, the river formerly
meandered freely through alluvial deposits, gradually diminish-
ing in grade and meandering tendency. Below the confluence with
the American River at the City of Sacramento, the tidal influ-
ence and the slow-moving distributory channels of the Delta
predominate.

As in the lower reach, levees now border the river, except
where they are set back across the base of a few major meander
loops. Even here, the stream is no longer free to migrate, as
it is in the upper reach above Colusa. Berms in this reach are
generally present, and are wider and higher above the channel
than in the lower reach.

Although the channel no longer migrates, bank erosion
continues from impingement of the primary flow energy at the
outside of bends; this process is described for the upper reach
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tO follow. Boat wake and windwave erosion are also sometimes
operative in this reach, as just described for the lower reach.
The erosional regime is most similar to the upper reach, but in
this reach is a composite of both the upstream and downstream
environments.

Upper Reach (RM 144-194). Above Colusa, the river is a
meandering stream, migrating through alluvial deposits until
constrained by setback levees.    Floodflows are commonly of
higher velocity (>5 fps), and significant flow energy is con-
stantly impinging on banks at the outsides of meander bends
during all levels of flow.

Because levees are set back, berms in the upper reaches are
generally wide. The berms also tend. to be at higher elevation
above the channel, so that eroded, near-vertical banks more than
15 feet in height are common. In the uppermost reach (above RM
176 in the east bank and RM 184 on the west bank), levees have
not been constructed; floodflows overtopping the high banks
drain easterly to Butte Basin.

Bank erosion is almost entirely due to Streamflow. As the
primary flow energy sweeps past banks on the outside of river
banks, a secondary, spiraling flow deepens the channel at the
outside edge. Thus, the bank is undermined, and the larger,
local velocities attack the bank materials (Odgaard and Kennedy
1983). Erosion and sediment transport increase with flow veloC-
ity, which in turn increases with stream discharge. Flood flow
scour of berm surfaces and levees beyond the channel banks also
occasionally occurs.

Although levees are typically set back from the river in
the upper reach, stream meandering occasionally brings active
bank erosion toward the toes of the levees, thus requiring bank
protection work under the SRBPP. Other bank protection work has
been proposed where the channel is migrating in proximity to
flood relief structures and weirs.~ These structures are intend-
ed to allow overflow of floodwaters into basins and bypasses
when streamflow exceeds the downstream capacity of the leveed
river. To maintain the proper "flow split" at these locations,
some channel stabilization may be necessary (COE 1987a;
Woodward-Clyde Consultants 1986).

Vegetation

History

Historically, riparian vegetation was widespread throughout
the project area, forming dense bands 4 or 5 miles wide along
bottomlands of the Sacramento River (Thompson 1961). The fre-
quently flooded bottomland habitats supported a diverse mix of
plant communities similar to tropical forests in structural
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complexity.    Vegetated areas were mixed with oxbow lakes,
sloughs, and other backwaters that supported emergent and sub-
merged aquatic vegetation.    Estimates of the pre-settlement
extent of riparian vegetation in the Sacramento Valley range
from 800,000 acres (Roberts et al. 1977) to about 1,000,000
acres (Thompson 1961).

Current Status

A small fraction of the original acreage of woody riparian
vegetation is intact and relatively undisturbed. Narrow and
degraded stands are common, especially below the City of
Sacramento. Several estimates of current acreage of Sacramento
River riparian vegetation have been made.    The 12,000-acre
estimate of Smith (1977) and Roberts et al. (1977) is most~
commonly cited. USFWS (1984a) estimated that 15,000 acres are
present along the Sacramento River, including 6,800 acres be-
tween Collinsville and Chico Landing. Jones & Stokes Associates
(1983) estimated that 10,360 acres of mature and young-growth
riparian forests were present between Colusa and Red Bluff in
1980. Each study has involved different mapping criteria and
resolution but even the most generous estimate shows that less
than about 3 percent of the .original acreage of woody riparian
habitat along the Sacramento River is intact today.

Riparian vegetation along the lower .Sacramento River and
associated sloughs is restricted to scattered narrow bands
typically less that 30 feet wide on narrow banks, berms, and
levee faces. Where levee maintenance has been neglected, wider
and denser stands are present. At sites above Verona (RM 79),
where the levee is set back from the river, large tracts of
riparian yegetation occur intermittently, in addition to the
narrower stands along the river’s edge.

The amount of woody riparian vegetation currently bordering
the Sacramento River from Collinsville to Chico Landing was
estimated for this EIR/SEIS IV; estimates for the sloughs were
not made. Estimation methods varied between river reaches. For
the Collinsville to Sacramento reach (RM 0-59), lineal feet of
shoreline with woody riparian vegetation was interpreted for
each river mile from transparencies (I inch=2,000 feet scale) of
the COE (1984) River Atlas. By assuming an average stand width
of 30 feet, these lineal foot estimates were converted to acre-
age estimates. For the Sacramento to Chico Landing reach (RM
60-194), the acreages were estimated for each mile by direct
measurement of the COE (1984) River Atlas transparencies and 1
inch=500 feet scale blue-line imagery.

The estimated acreage of woody~riparian vegetation by river
mile along the Sacramento River is depicted for the three major
river reaches in Figures 6-1, 6-2, and 6-3. From Collinsville
to Sacramento, acreages vary from 0 to 8 acres per mile, total-
ing 191 acres and averaging about 3.2 acres per mile
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’. FIGURE 6-1. EXTENT OF WOODY RIPARIAN VEGETATION, 1984, COLLINSVILLE

J
, TO SACRAMENTO





FIGURE 6-3. EXTENT OF WOODY RIPARIAN VEGETATION, 1984, COLUSA
I

TO CHICO LANDING



(Figure 6-1). From Sacramento to Colusa, acreages vary from 0
to 70 acres per mile, totaling 1,870 acres and averaging about
22 acres per mile (Figure 6-2).~    Woody riparian vegetation
between Colusa and Chico Landing varies from 1 to 540 acres per
mile, totaling 6,022 acres and averaging about 125 acres per
mile (Figure 6-3). Thus, nearly 8,100 acres of woody riparian
vegetation are present in the SRBPP area.

Riparian Vegetation Types

Riparian vegetation types along the Sacramento River have
several features in common:

o dependency upon moisture provided by the river for
either seedling establishment or continued growth and
survival of native plants;

o linear distribution along the river and associated
sloughs;

o conspicuous zonation parallel to the river on sloping
river banks, on berms, and on remnant high and low
terraces due to the hydrologically controlled zonal
establishment patterns typical of riparian species;

o marked contrasts between riparian vegetation and adja-
cent upland plant communities; and

o extensive ecotonal edge (i.e., transition between eco-
systems), due to the linear distribution and inter-stand
variation in vegetation structure and composition.

Nine vegetation types can be recognized within the project
area: mixed herbaceous community, freshwater marsh, willow
scrub, mixed riparian scrub, cottonwood forest, alder/willow
forest, mixed riparian forest, valley oak riparian forest, and
introduced riparian forest.

Mixed Herbaceous Community.    Herb-dominated vegetation
develops on low gravel and sand bars adjacent to the river and
on higher terraces where disturbances (e.g., fire, grazing)
prevent the establishment of woody vegetation. Sand and gravel
bars at the water’s edge are uncommon below Sacramento (RM 63)
but common above Colusa (RM 144).

Common dominants on the lower terraces include a mix of
annual and perennial herbs include Pacific rush, torrent and
umbrella sedge, cockelbur, smartweed, pigweed, and golden aster.
Scattered shrubs of sand bar willOw and mule fat are common.
This community is often adjacent to willow scrub vegetation and
is transitional to it.
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Upper terraces with herbaceous vegetation are typically

i
dominated by nonnative annual species, but native, perennial
herbs are interspersed.    Fire-tolerant horsetails commonly
dominate this community, because it is frequently burned in
conjunction with maintenance of levees and irrigation facil-

e!          ities. Other common species include brome and oat grasses,
foxtail barley,    sweet clover, wild mustard, horehound,
horseweed, horsetails, jimpson weed, mullen, yellow-star

i          thistle, tumbleweed, wild licorice, mugwort, and selfheal.

Freshwater Marsh. Freshwater marshes develop in perennial-
ly inundated sites with fine-grained sediments and water depths

i of less than 5 feet. Historically, this community was wide-
spread throughout the Delta and backwaters (sloughs, oxbows) of
the upper Sacramento River.. ’Factors responsible for the dras-

~l~         tic reduction in the extent of this community include river
channel maintenance and dredging, elimination of overflow areas
due to levee construction, and increases in summer low flows.

Freshwater marshes characterized denseare by persistent,
stands of emergent nonwoody aquatic vegetation. In the project
area, typical species include cattails, giant bulrush, umbrella
sedge, water smartweed, western verbena, marsh pennywort, and
California hibiscus. Along. the lower Sacramento River, tidal
action influences freshwater marshes; certain species such as

i California hibiscus do not occur in areas with increased salini-
ty, while others, .such as marsh groundsel, only occur in zones
with a saline influence. Mason’s lilaeopsis is limited to sites

i .         that are tidally inundated on a daily basis.
Freshwater marshes are considered important natural commu-

nities because of their present day scarcity relative to their

i h istorical extent and their importance to unique and dependent
wildlife and plant species. Four special-status plant species
are associated with freshwater marsh communities at some of
thei.r populations in the project area (see following section).

Willow Scrub. Under the proper moisture conditions for
seedling regeneration, a willow scrub community will establish

i on the low sand and gravel bars adjacent to the river. This
communitY is scarce along the lower Sacramento River and Delta
because sand and gravel bars are generally absent~ North of

i Verona .along the upper Sacramento River, this community often
dominates sand and gravel bars located on the inside Of river
bends.

I ,                Immature willow scrub stands consist of dense thickets of
willow seedlings and herbs.. Mature stands average 10-20 feet

i

tall with 90-100 percent canopy cover. In the project area
sandbar willow, dusky willow, arroyo willow, and mulefat are
typical dominants. Cottonwoods are sometimes interspersed, but
more commonly form densely forested bands adjacent to these

I communities.

l 6-11

C--O 7 2 1 1 0
C-072110



Mixed Riparian Scrub. This riparian vegetation type occurs
on terraces typically I0 or more feet above the normal water
level. It is dominated by a mix of shrubs and young ~trees and
has a sparse to lush herb understory. The canopy varies from
sparse to nearly closed and attains heights of up to 20 feet.

Mixed riparian scrub stands in the project area are typi-
cally dominated by shrubby vines such as Himalaya berry, wild
blackberry, poison oak, California rose and wild grape. Vines
are intermixed with willows (sandbar, red, black, Goodding’s),
and young seedlings and saplings of box elder, cottonwood, and
Oregon ash. Herbs are those listed above for the upper terrace
herblands.

Alder-Willow Forest. This type is restricted in the proj-
ect reach to the lower Sacramento River and associated sloughs.
It is characterized by dense, narrow bands (20-40 feet wide) at
the water’s edge during normal low flow. The canopy attains
heights of 10-30 feet and is typically dense, with overstory
cover ranging from 80-100 percent.    This community usually lies
adjacent to upland communities such as mixed riparian or valley
oak riparian forests.

White alder dominates this community and sometimes forms.
pure stands. The older trees have diameters in excess of 2 feet
diameter at breast height (dbh). Red, Goodding’s, and black
willows; cottonwoods; and valley oaks are interspersed.    A
spotty herbaceous layer composed of emergent aquatic species
such as Pacific rush, spike rush, umbrella sedge, and western
verbena develops at the water’s edge.

Cottonwood Forest. This vegetation type is common through-
out the project reach, usually occupying terraces above the
normal low flow. The structure and composition varies, depend-
ing upon age. Immature cottonwood forests are typically 20-40
feet tall, canopy cover approaches i00 percent, and, if nearly
pure cottonwood, shrub and herb understories are spotty or ab-
sent. A midstory of willow and box elder may be developing in
immature forests.

Older forests have cottonwood canopies up to 120 feet or
higher, and overstory cover varies from spotty to dense. A
20-40 foot tall midstory is composed of Goodding’s willow and
box elder. Dense vine understories of California grape, poison
oak, and Himalaya berry are common. Some stands have California
grape in the canopy. A sparse herb-shrub layer of mugwort,
cocklebur, and other species may also be present.

Cottonwood seed germination requires mineral soil (gravel
or sand) that is saturated with moisture during the spring
period when cottonwood seeds are dispersed. Suitable conditions
for seedling ~establishment occur rarely along the lower
Sacramento River, because floodflow scouring, along with dredg-
ing and channel maintenance, prevent the formation of ~sand or
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gravel bars.    Young cottonwood forests are therefore scarce
i          along the Sacramento River below Verona, and upstream stands are

often composed of old trees on narrow berms adjacent to the
river.

i Mixed Riparian Forest.    Over time, cottonwood forests
gradually change as mature cottonwood trees die and sycamore,
Oregon ash, walnut, and valley oak trees in the mid- and under-

I story layers grow into the canopy openings. Eventually a mixed
canopy with a diverse multi-layered understory develops.
Cottonwoods may or may not persist in the canopy. Mature mixed

i
riparian forests have canopies 80-150 feet tall, midstories of
20-40 feet, understories of less than I0 feet height, and dense
herbaceous layers.

Typical overstory canopy species include a mix of cotton-
wood, California walnut, California sycamore, Oregon ash, and
valley oak.    Occasionally, the introduced honey locust and
eucalyptus are present, especially along the lower Sacramento
River. Mid-stories support young trees of the canopy species,
as well as box elder, elderberry, and Goodding’s willow. A wide
variety of shrub species comprise the understory, including
mugwort, Himalaya berry, wild blackberry, wild rose, poison oak,
wild grape, and greenbrier.

i Mature mixed riparian forests often support dense vine
growth. The shrub layer often is impenetrable because of dense
stands of California grape, Himalaya berry, and poison oak.

i. California grape occurs in nearly all stands. This well-adapted
riparian species can dominate under- and mid-story layers and
grow into the highest canopies.

i ~alley Oak Riparian Forest. Mixed riparian forests can
eventually develop into valley oak riparian forests. As valley
oaks overtop and shade out other canopy species, and as river

i deposition increases terrace elevations and thus the rooting
distance to available soil moisture, valley oak becomes the only
riparian tree species .capable of reproducing and maintaining
itself. Valley oak forests therefore tend to occupy terraces
that are vertically or horizontally distant from the river chan-
nel.

Valley oak forest canopies range from sparse to dense, with
~cover ranging from 20 to 90 percent. Valley oak is usually the
only canopy species, but sycamore and California walnut are
occasionally intermixed. A shrub or vine understory is occa-
sionally present and can include buckeye, poison oak, and
elderberry. A dense herbaceous understory is characteristic and
is dominated by various grass and sedge species; small to large
grassy openings are common.

In the Sacramento Valley, valley oak riparian forest is the
rarest riparian community (Holland pers. comm.). This riparian
type occupies sites highly favored for agricultural and urban
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development. It is the least common of the undisturbed large
woody riparian communities in Colusa, Sacramento, Solano, and
Yolo Counties (Katibah et al. 1980).

Introduced Riparian Forest.    Scattered along the lower
Sacramento River and its associated sloughs are stands of woody
vegetation dominated by nonnative tree species such as
eucalyptus, acacia, and honey locust. Other common nonnatives
include giant reed and Himalaya berry.    These species form
dense, pure stands or are intermixed with native riparian vege-
tation. Large stands of blue gum and locust dominate the vege-
tation at several proposed work sites.

Figures 6-4 and 6-5 provide photographs of typical vege-
tation conditions within the SRBPP reach:    Figure 6-4A:
successional herbaceous and shrubby vegetation along the levee
of a Delta slough; Figure 6-4B: successional vegetation on a
point bar adjacent to mature riparian habitat on the upper river
near Colusa; Figure 6-5A: mature woody riparian and shaded
aquatic habitat along Sutter Slough in the Delta; and Figure
6-5B: riprap to design flood elevation adjacent to woody
riparian habitat along the river between Sacramento and Colusa.

.Special-Status Plant Species

For purposes of this report, special-status plants are
defined to include:

i) State of California rare, threatened, or endangered
species (DFG 1986);

2) Federally listed, proposed, or candidate threatened or
endangered species (50 FR 39526-39584; Sept. 27, 1985);
and

3) California Native Plant Society (CNPS) rare and endan-
gered species (Smith and York 1984).

Two criteria were used to develop a list of special-status
plant species that could potentially be affected by proposed
bank protection work: I) those listed or proposed Species with
known populations in or near the project area, and 2) those spe-
cies that can occur in the types of riparian habitats that are
present at the proposed bank protection sites. The following
sources were used in developing this list: DFG’s Natural Diver-
sity Data Base (NDDB 1985), Smith and York (1984), COE (1986), a
letter initiating the Endangered Species Act Section 7 consulta-
tion process for the SRBBP (Kobetich pets. comm.), The Reclama-
tion Board (1987b), and CNPS (1985).

No special-status plant populations have been reported to
occur at the 115 proposed work sites tentatively identified for
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I Figure 6-4A. Successional Herbaceous and Shrubby Vegetation
¯ Along a Delta Levee.

Figure 6-4B. Successional Riparian Vegetation Near Colusa.
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Figure 6-4A. Successional Herbaceous and Shrubby Vegetation
Along a Delta Levee.

Figure 6-4B.    Successional Riparian Vegetation Near Colusa.
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this EIR/SEIS IV (NDDB 1986). Analysis indicates that four
special-status plant species could potentially occur within
habitats affected by the proposed bank protection work: the
Suisun Marsh aster, California hibiscus, Mason’s lilaeopsis, and
Delta tule pea. The status, habitat associations, and ranges of
these four "target" species are listed in Table 6-1. Additional
special-status plant species occurring in or near the project
area are not considered target species because they are not
associated with alkaline meadow, vernal pool, and grassland
habitats not affected by the proposed project.

Suisun Marsh Aster. The Suisun Marsh aster is known from
14 occurrences in the Sacramento-San Joaquin River Delta
(Bittman pers. comm.). It occurs in the region from Suisun
Marsh, east to Jersey Island on the San Joaquin River, and
southeast to the Discovery Bay area. No populations are report-
ed upstream of RM 6 within the project reach along the
Sacramento River; the nearest site is about 2 miles west of the
lowermost proposed work sites in RM 15.

Based upon its restriction to tidally influenced estuarine
and freshwater marsh habitat in the Delta, the Suisun Marsh
aster is not expected to occur in the project area upstream of
Walnut Grove (RM 27) along the Sacramento River or upstream of
Howard Landing on Steamboat Slough.    Tidal fluctuation upstream
of these sites is minimal and the emergent marsh vegetation
associated with tidally influenced areas in the Delta is absent.

Searches for this species need to be conducted during low
tide when suitable habitats are not submerged; searches can be
conducted year-round.

California Hibiscus.    The NDDB records 69 California
hibiscus occurrences from Butte to San Joaquin Counties (Bittman
pers. comm.). Populations are not known to occur in river
channels with strong currents, intense flood forces, or steep
banks. Typically, the California hibiscus occurs along quiet.
backwaters with emergent marsh vegetation, such as along
sloughs, oxbows, irrigation canals, and related wetlands (Table
6-I), areas not subject to bank protection.

The only recorded population for the river and slough
reaches included in the project area was near Rio Vista. This
sighting was recorded by Jepson in 1891; a search in 1974 failed
to relocate the population (NDDB 1985).    The urban, agricul-
tural, and flood control projects in this area probably elim-
inated the population.    Numerous additional occurrences are
reported, however, from sloughs and canals within 5 miles of the
Sacramento River from Rio Vista north, especially at the base of
the Sutter Buttes and in the Butte Basin (NDDB 1985)~.

Surveys during mid- or late-summer (after the species has
emerged and is flowering) are required to search for this spe-
cies.
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Table 6-1. Habitat Associations and Ranges of Special-Status Plant Species Potentially Occurring Within The SRBPP Area

Statusa                                                      Period of
Species Federal     State    CNPS Known Habitat Associations Identification Known Distribution

Suisun Marsh Aster C2 -- IB Tidally inundated estuarine and Nearly Suisun Marsh, Sacramento-San
Aster chilensis var. lentus freshwater marshes in the year-round Joaquin Delta, Sa&ram~ito River

transitional zone to adjacent belcw Toland’s Landing (RM 6), and
riparian or upland habitats. San Joaquin River below Hog

Island.

California Hibiscus C2 -- IB Freshwater marsh ccrm~nities in July-November Central Valley frcm Butte Cctmty
Hibiscus californicus still waters of rivers and back- to San Joaquin County.

waters such as sloughs, canals,
oxbows, etc. Intolerant of heavy
shade or saline water.

Delta Tule Pea C2 -- IB Shaded or open riparian habitats March-October Widespread; common in lower
~ ~ subsp, above zone of high water or high Sacramento-San Joaquin Delta,

~ tide, frun 1 to over 50 feet above sporadic in Central Valley; one
water level, location in southern Sierra

Nevada.

~ Mason’s Lilaeopsis C2 R IB      Clay-peat accumulations associated Year-round Sacramento-San Joaquin Delta below
00 Lilaeopsis masonii with emergent freshwater or Liberty and Ryer Islands (RM 15)

estuarine marsh vegetation within along Sacramento River and below
the zone inundated by tidal action, the Stockton region along San
Also on rotting logs, barges, and Joaquin River.
piers within tide zone.

a Status:

Federal status according to Federal Register Vol. 50:39526-39584.
C2 = A "Candidate" species under review for federal listing. "Category 2" includes species for which USFWS presently has sune information

indicating that "proposing to list them as endangered or threatened species is possibly appropriate," h~t for which further biological
research and field study is usually needed to determine biological vulnerability and threats.
Note: Category 2" species ere not necessarily less rare or less threatened than "Category I" species. The distinction relates to the amoant
of data available and is therefore administrative rather than biological.

State status according to California Department of Fish and Game (1985).
R = State-listed rare species.

CNPS status according to Smith and York (1984).
Ib = Plants considered rare or endangered by CNPS



Delta TUle Pea. This species is reported from 16 locations
within a wide geographic area from the Sacramento - San Joaquin
River Delta south and southeast to the San Joaquin Valley and
southern Sierra Nevada (Bittman pers. comm.). Originally, the
species was believed to be restricted to the Delta, but several
collections from inland areas have recently been identified as
the Delta tule pea (Broich 1983).

Most of the known local populations are west or south of
the project area in the region from the Delta mouth, east to
near Stockton. .Two populations are in the project area at Grand
Island.

Based upon the Delta tule pea’s reported distribution
along the Sacr~nento River, it would not have been expected to
occur north of Walnut Grove. However, the wide distribution of
this species in the San Joaquin Valley, its rather general
habitat requirements (Table 6-1), and the discovery of a new
site near Butte City (Jokerst pers. comm.) indicate that this
species could potentially occur throughout the project area.

Questions have been raised concerning the taxonomic valid-
ity of separating subspecies "jepsonii" (the plant in question)
and "californicus" (a widespread taxon), because several mixed
populations of both subspecies have been reported (Jokerst,
Knight, and Bartel pers. comms.). The distinguishing feature is
the presence or absence of hairs (Munz and Keck 1973, Broich
1983).    In many related taxa, this is considered a minor
variation not worthy of formal taxonomic recognition. This is
especially true when populations of two different forms are
intermixed and neither has a discrete range, as is the case with
populations of the Delta tule pea found at prospective project
work sites.    Based upon the available information on the
occurrence of the two subspecies, Broich (pers. comm.) still
believes that subspecies jepsonii should be formally recognized
because populations in the Bay-Delta region are: i) dominated
by morphologically distinct individuals as compared with the
widespread subspecies californicus and, 2) restricted to
environments in marshes and adjacent to rivers as compared with
the drier upland habitat of subspecies californicus. If the
subspecies distinction were abandoned, the Delta tule pea would
cease to be considered a special~status species.

Mason’s Lilaeopsis. Presently, 32 populations of Mason’s
lilaeopsis are recorded by NDDB (Bittman pers. comm.). Most of
these are located south and west of the project area at the
Delta mouth and along the lower San Joaquin River and tribu-
taries. Five populations are known from the lower Sacramento
River, between Horseshoe Bend (RM 7) and Grand Island (RM 15).
It is highly probable that other populations occur in this
vicinity because of the abundance of unsearched, suitable habi-
tat.

6-19

C--O 7 2 1 1 8
C-072118



Mason’s lilaeopsis requires tidally inundated habitats with
emergent marsh vegetation and a specific type of rooting sub-
strate (Table 6-1). These habitat requirements and the species
present range indicate that it does not occur north of Walnut
Grove (RM 27)~ on the Sacramento River or Howard Landing on
Steamboat Slough.

Wildlife

History

changes in wildlife populations along theHistorical
Sacramento River and in the Sacramento Valley in general paral-
lel the vegetation changes described in the preceding "Vege-
tation" section. The populations of most species dependent on
riparian, oak woodland, marsh, and grassland habitats have
declined with the conversion of these habitats to agriculture
and urban areas. Descriptions of species characteristic of
remaining habitats are described in the following section.

Populations of some Sacramento Valley species have declined
so greatly that they have been listed as threatened or endan-
gered, or are under study for future listing. In many cases,
most of the remaining habitat for these species in the
Sacramento Valley occurs along the Sacramento River. Species
that have received special designation are described in the
"Special-Status Species" section.

Habitat Types and Characteristic Wildlife

This section describes the general characteristics of wild-
life habitats that occur along the project reach (RM 0-194) of
the Sacramento River and in adjacent areas. Extensive field
surveys were not conducted for wildlife species at proposed work
sites. The following descriptions of wildlife communities were
derived from knowledge of. the habitat conditions at proposed
work sites in the study area (based on March 1987 reconnaissance
field visits), discussions with agency biologists and other
knowledgeable individuals, and other studies of wildlife on the
Sacramento River (Gaines 1974, Laymon 1984, Motroni 1984, COE
1986, DeHaven and Michny 1987, Trappe et al. 1984) and in simi-
lar habitats in the Central Valley (Verner and Boss 1980).
Names of all species identified in the text follow Laudenslayer
and Grenfell (1983).

Mixed-Herbaceous Community. This habitat consists of a
mixture of annual and perennial grasses, herbs, and low shrubs.
It occurs in areas that are frequently disturbed and on upland
sites. The habitat is used by a variety of species that feed on
seeds, vegetation, and ground-dwelling insects, and by verte-
brate predators.    Species that feed on seeds and foliage in
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herbland a~eas include the California ground squirrel, Botta’s
pocket gopher, California vole, California quail, mourning dove,
European starling, American goldfinch, and Brewer’s blackbird.

Ground insectivores include the Western fence lizard,
killdeer, western kingbird, and broad-footed mole. Vertebrate
predators include the gopher snake, red-tailed hawk, and striped
skunk.

Many of the species that use herbaceous habitats are not
specialized for riparian systems; they also use natural grass-
lands and disturbed stages of other habitat types.

Freshwater Marsh. Marshlands are comprised of herbaceous
vegetation occupying lands that are flooded or wet for long
periods each year. Formerly, flooding was much more extensive
in the Sacramento Valley, but construction of levees and regu-
lation of peak flows by dam construction has reduced flooding
and marshland acreage. Currently, the Butte Basin is one of the
few areas maintained in marsh vegetation by overflow from the
Sacramento River. The Sutter and Yolo bypasses are designed
overflow areas that are flooded during and following high flow
periods; most of these areas are cultivated when they dry and
hence do not support marsh vegetation. Large marsh areas in the
Sacramento Valley occur in federal and state wildlife areas and
in duck club properties. Small marsh areas occur wherever there
is standing water, including irrigation ditches, stock ponds,
and slow-flowing river channels.

Marshlands provide important for manyhabitats wildlife
species. Many reptiles and amphibians breed and feed in wetland
areas. The millions of waterfowl that winter in California
depend on wetlands for feeding and resting. Herons, egrets,
bitterns, and rails forage and nest in marsh areas. Smaller
birds and mammals forage on insects and seeds produced in wet
areas.

Along the Sacramento River, marsh vegetation oCcurs mainly
insmall stands at the river’s edge. These smaller areas are
less important to species than larger marshes. Nonethe-many
less, they provide important habitat for many smaller species
such as the Pacific tree frog, marsh wren, common yellowthroat,
red-winged blackbird, and muskrat.

Willow Scrub. This habitat occurs in areas that have
recently been disturbed by floodflows or in other disturbed,
moist sites. The extent of willow scrub habitat has declined
due to reduction in lateral erosion and subsequent sediment
deposition within the leveed river channel. It is almost com-
pletely absent from the river below Sacramento. It varies in
composition from mixed stands with weedy herbs and cottonwood
seedlings to nearly Pure stands of willow.
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The willow scrub habitat provides a variety of conditions
important to wildlife species. Because it frequently grows
densely, it provides cover for many wildlife species. Beavers
preferentially feed on young willow shoots. Many small birds
and mammals feed on willow seeds.

Willows support an abundance of insect prey that feed on
fresh foliage and stems during the growing season. These in-
sects, in turn, support a high density and diversity of migrato-
ry and resident insectivorous birds. Birds that often use this
habitat include the western flycatcher, yellow warbler,
Macgillivray’s warbler , Wilson’s warbler, and song sparrow.

A number of species that formerly nested in the Sacramento
Valley, but no longer do so, were residents of this habitat.
The least Bell’s vireo is most notable in this regard; it was
once very abundant, but no longer nests in northern California
(see "Special-Status Species" below). Similarly, the California
yellow-billed cuckoo, which nests almost exclusively in dense,
older willow stands, may be limited in some otherwise suitable
areas by a lack of nesting habitat (Laymon and Halterman 1985;
see "Special-Status Species").

Other former breeding species that have declined or been
eliminated from the valley floor include the willow flycatcher,
yellow warbler, and yellow-breasted chat (Remsen 1978). Many of
these species now occur only during migration periods. Causes
for their decline include a reduction in the amount of habitat
and cowbird parasitism.

Mixed Riparian Scrub. This habitat contains a variety of
shrub species as well as tree saplings and herbaceous plants.
This high diversity of plant species provides a variety of
resources used by animals. In particular, many plant species
within this habitat produce fruits that are consumed by wildlife
species.    Important wildlife food plants include elderberry,
Himalaya berry, blackberry, wild grape, poison oak, and wild
rose. Wildlife common in mixed scrub areas include species that
feed on nectar, fruit, and seeds, such as Anna’s hummingbird,
scrub jay, black-headed grosbeak, rufous-sided towhee, house
finch, Virginia opossum, and gray fox. The mlxed scrub also
supports many of the insectivorous species that occur in the
willow scrub habitat.

Alder-Willow Forest. This habitat is found mainly on lower
portions of the river as a linear strip at the water’s edge.
Wildlife occurrence and use of this habitat has received little
attention. The narrow, linear nature of the habitat favors
species that forage in herbland or agricultural habitats that
typically occur on or beyond levees adjacent to the alder-willow
forest (e.g., American kestrel, western kingbird).    It also
serves species that perch or take cover in shoreline trees and
shrubs and forage in or over the water (e.g., double-crested
cormorant, green-backed heron, violet-green swallow,~ belted
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kingfisher, black phoebe, various bat species, beaver, and river
otter).

The alder-willow scrub is of lower value as habitat for
many "interior" riparian forest species that require larger,
wider tracts of riparian vegetation. The linear arrangement of
this habitat probably increases predation and parasitism rates
on small nesting songbirds that use interior forest habitats
(Temple 1986).

Cottonwood Forest. Conditions in this type range from
nearly pure stands of young cottonwood trees to older stands
containing a well-developed understory, presence largerThe of
trees in this type provides habitat elements required for a
number of wildlife species that do not regularly occur in shrub
types. Cottonwood trees provide adequate nesting support for
larger birds such as hawks, owls, American crows, and ravens.
Also occurring are cavity nesting species such as woodpeckers,
wood duck, bats, western gray squirrel, raccoons, and ringtail.
Cottonwoods also provide foraging areas for bark foragers such
as woodpeckers.    The understory in older cottonwood stands
contains many of the same plant and animal species found in the
mixed shrub habitat.

Mixed Riparian Forest. This forest type supports a greater
variety of tree species than the cottonwood forest and also
contains a substantial understory layer of young trees, shrubs,
and vines. This diversity of plant species and growth forms
provides a variety of foods and microhabitat conditions for
wildlife species. Many of the mixed riparian plants provide
valuable fruits, nuts, or seeds.    These species include
California walnut, valley oak, box elder, and fruiting shrubs
that occur in the mixed riparian scrub.

This habitat supports the densest and most diverse wildlife
communities on the Sacramento River. Wildlife present include
most of the species that occur in the cottonwood forest and.
mixed riparian scrub habitats. The presence of oaks, walnuts,
and other mast-producing .trees and shrubs supports certain

that do not in the habitats; thesespecies occur previous spe-
cies include acorn woodpecker and plain titmouse. More notably,
however, mixed stands probably support higher populations of
many species that also occur in cottonwood or mixed scrub habi-
tats, including red-shouldered hawk, Nuttall’s woodpecker,
northern oriole, and western gray squirrel.

Valley Oak Riparian Forest. Valley oak stands typically
occur away from the river channel. The overstory is dominated
by valley oak and usually contains few other tree species. The
discontinuous allows dense growth of annual grasses incanopy
many areas.

The oak woodland provides nesting sites for large birds
that require sturdy sites for nest supports and an open canopy
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to provide easy access to nests. Species such as the red-tailed
hawk and Swainson’s hawk often use valley oak stands; in a few
areas, herons and egrets nest colonially in valley oaks. Valley
oak stands provide the highest quality habitat for species that
depend on acorns, such as the acorn woodpecker.

The open canopy provides perch sites adjacent to aerial
foraging space for species such as the Lewis’ woodpecker and
olive-sided flycatcher. It also provides perch sites for spe-
cies that search for prey on the ground, such as the western
bluebird and ash-throated flycatcher. The furrowed bark on
older oak trees provides foraging habitat for species that probe
and peck for insects such as Nuttall’s woodpecker and
white-breasted nuthatch. The older trees also provide an abun-
dance of holes for many cavity-dependent species.

Vertical Banks. Vertical banks have been created by river
erosion along the Sacramento River, especially in the upper
reaches above Sacramento. This habitat provides nesting areas
for certain specially adapted species. The bank swallow, which
is particularly dependent on vertical bank nest sites, is dis-
cussed in the "Special-Status Species" section.    The belted
kingfisher also requires vertical banks for nesting. A few
other species (e.g., barn owl) use banks but are not dependent
on them.

Because vertical banks occur only at sites of active ero-
sion, they are frequently identified as priorities for bank
protection. Ongoing efforts to stabilize eroding banks have
raised concerns that habitat for bank-dependent species will
decline to levels that threaten the species’ Viability.

Special-Status Wildlife Species

The SRBPP area is within the general geographic ranges of
several wildlife species that are protected under state or
federal law. Table 6-2 presents the endangered, threatened, and
candidate species recognized as of special concern in the study
area downstream of RM 177 by USFWS (Kobetich pers. comm.).

Each of the currently proposed bank protection sites was
evaluated during reconnaissance-level surveys to determine the
site’s potential to serve as habitat for special-status wildlife
species. In the following sections, the habitat requirements of
each of these species are described, and the criteria used in
the field to evaluate the habitat potential of each site are
specified. The criteria are summarized in Table 6-2.

Swainson’s Hawk. The Swainson’s hawk is a state-listed
threatened .species and a category-2 candidate species for feder-
al listing.    The Swainson’s hawk does not require riparian
habitat for nesting~, although most nests and territories
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Table 6-2. Special Status Wildlife Species

Federal State    b to Determine if Site HasCriteria
Species Classificationa Classification Potential as Habitat for Species ’

Swainson’s hawk Candidate Species    Threatened 11 Mapped sighting from the CDFG ncngame species
Buteo swainsoni (Category 2) surveys or NDDB mapped location

or
2) Mature cottcnwocd, sycamore, or oak trees of

a height of 40+ feet

Yellow-billed cuckoo Candidate Species Threatened i) NE~B mapped location of species occurrence
Cooc~m~ a~ricanus (Category 2) o_Kr

occidentalis 2) Dense riparian vegetation for nesting
habitat at least 100 m in width, and at
least 25 ac in area

Least Bell’s Vireo Endangered Er~angered Not applicable because species has been
Vireo bellii ~usillus extirpated in the Sacramento Valley region

Bank swallow -- Species of I) Within 500 feet of colony mapped by Garrison
~par~ ~ Special Concern and Humphrey (1986) survey

21 Vertical river banks 1-3 m high, lo~my bank
materials, close to water, and lacking
overhanging vegetation

Reptiles:
Giant Garter Snake Candidate Species Threatened Presence of rules and/or cattails without
Thamnophis couchi gigas (Category 2) willow thickets and easily ac~ssible water

(i.e., no vertical banks taller than 2
feet)

and
Cracks and burrows above winter high water
mark to provide shelter in the dormant

California tiger Candidate Species    Species of Not applicable because no appropriate
salamander (Category 2) Special Concern habitat within study area (see text)

californiense

Fishes:
Sacramento River Rejected See "General Fisheries" section of this

Winter Run Chinook from listing" report

Oncorhynchus tshawytscha

Sacramento Anthicid . Candidate Loose, unvegetated sand deposits
Beetle (Category 2)

Anthicus sacra~_nto

Valley Elderberry Threatened Presence of elderberry plants
Longhorn Beetle

Des~rus californices

Candidate Category 2: Taxa for which existing information indicated may warrant listing, but for whicha
substantial biological information to support a proposed rule is lacking.

b "Endangered animal" is an animal of a species or subspecies of birds, manr~als, fish, amphibia, or reptiles, the
prospects of survival and reproduction of which are in inm~diate jeopardy frcm one or more causes, including
loss of habitat, change in habitat, overexploitation, predation, competition, or disease.

"Threatened species" means a native species or subspecies of a bird, manmml, fish, amphibian, reptile, or plant
that, although not presently threatened with extinction, is likely to become an endangered species in the
foreseeable future in the absence of the special protection and management efforts required by this chapter.
Any animal detexmined by the c(mmission as "rare" on or before January i, 1985, is a "threatene~ species."
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recorded in the Central Valley have been found in or adjacent to
riparian systems (Schlorff and Bloom 1984).

the range of the Swainson’s hawk includedHistorically,
most of California except the Sierra Nevada and the wet north-
west portion of the state. Today, the Swainson’s hawk is limit-
ed to the Central Valley and portions of the extreme north
eastern part of the state (Schlorff and Bloom 1984). The spe-
cies occupies nesting habitat in California from April until
August and spends the remaining 7 months in wintering habitat in
South America and in migration (Bloom 1980).

Bloom (1980) estimated the 1979 population of Swainson’s
hawks in California as 375 pairs. This number represents an
estimated 91 percent decline from historical levels. The Cen-
tral Valley is estimated to support 280 (75 percent) of the
remaining pairs in California (Bloom 1980).

Detrich (1986) stated that the assumptions used by Bloom in
producing the 280 pair estimate may have been incorrect. Spe-
cifically, remaining grassland habitat appears to have lower
foraging value than initially assumed.    If so, the Central
Valley population may be considerably lower than the estimated
280 pairs.

The distribution of Swainson’s hawk nest sites ranges from
Chico in the northern Sacramento Valley, south, to near Fresno
in the San Joaquin Valley. Most Central Valley territories are
in Yolo, Sacramento, and San Joaquin Counties. Since 1983, DFG
has conducted annual surveys for nesting territories along the
Sacramento River. During the 1986 survey, Ii territories were
observed between Grand Island and Sacramento (RM 15-60), and 23
territories were observed from Sacramento to Colusa (RM 60-144)
(Schlorff pers. comm.). These surveys did not extend above
Colusa.

Causes of this species’ decline are uncertain, but may.
include loss of summer foraging and nesting habitat, and shoot-
ing of birds on the wintering grounds. Analysis of eggshell
thicknesses in the northeastern California population indicated
that DDT-based pesticides are not a major problem (Bloom 1985).

Breeding populations in California have been reduced by
agricultural and urban development, removal of potential nest
trees, and degradation of foraging habitat (Schlorff pers.
comm.). In the Central Valley, Swainson’s hawks show a strong

~tendency to nest near favored foraging areas such as grasslands;
pastures; and alfalfa, hay, and wheat crops (Bloom 1980). Row
crops, such as tomatoes, corn, and rice, provide poor foraging
habitat (COE 1986). Research is currently in progress to more
clearly define the foraging habitat requirements of Swainson’s
hawks in the Central Valley (Estep pers. comm.).
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Swainson’s hawks in the Central Valley generally nest .in

6-30 m tall valley oaks or Fremont cottonwoods. They nest at
shaded sites near the tops of trees which provide good views of
the surrounding terrain (Schlorff and Bloom 1984). Detrich
(1986) suggested that~ rather than nest site availability,
foraging habitat is likely to be limiting to the Swainson’s hawk
in the northern Central Valley. The relative importance of nest
sites and foraging areas along the Sacramento to Chico Landing
reach of the Sacramento River, and the extent to which their
losses have caused population declines, needs further research.

Yellow-Billed Cuckoo.    The yellow-billed cuckoo is a
state-listed threatened species and a Category-2 candidate
species for federal listing.    Historically, the cuckoo was
common in willow and cottonwood forests throughout the state
~(Grinnell and Miller 1944). Today the popUlation is estimated
to number between 71 and 131 pairs, less than 1 percent of its
former size (Manolis pers. comm.). This reduction has occurred
as a result of extensive loss of riparian vegetation.

The yellow-billed cuckoo prefers thickets of willow and
cottonwood with dense understory vegetation Of woody or herba-
ceous plants or shrubs. Cuckoos most frequently occur where
extensive riparian vegetation is interspersed with sloughs,
lakes, and/or marshy areas.

In recent surveys, birds have not been found in stands of
riparian vegetation less than i00 m wide. At least 25 acres (i0
ha) of habitat are required to support one nesting pair (Gaines
and Laymon 1984). Nests are generally placed in shaded willows
on low, horizontal branches 2-5 m above the ground or water.

Cuckoos forage primarily for large insect prey at all
canopy levels (especially in cottonwoods and willows). Recent
research by Laymon and Halterman (1985) documented a reliance on
mature cottonwoods for feeding.

USFWS (1985a) estimated the number of breeding pairs of
cuckoos on the Sacramento. River to be 35-68. Laymon (1984)
estimated a population of 29-60 pairs. These pairs are all
thought, to breed in habitat north of Colusa. Riparian vege-
tation suitable for cuckoos is severely limited along the
Sacramento River south of Colusa and in the Delta. Assuming
71-131 breeding pairs are present in the whole state (Manolis
pers. comm.), the Sacramento River population represents 40-50
percent of the state population.

DFG is sponsoring a new survey in 1987 of all potential
cuckoo habitat in northern California to determine precisely the
current distribution of the species. This survey will include
intensive work during the June-August breeding season along the
Sacramento River. A final report is scheduled to be published
in about January 1988 (Schlorff pers. comm.).
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Bank Swallow. The bank swallow is designated as a species
of special concern by DFG. In 1986, DFG conducted a comprehen-
sive study of the population distribution, status, and nesting
ecology of the bank swallow in California (Garrison and Humphrey
1986). This study was prompted by a decline in the population
in recent years, and is the basis for the DFG’s current draft
recommendation for threatened or endangered state listing for
the species (Schlorff pets. comm.).

Causes of the statewide decline in bank swallow numbers are
uncertain. The species has declined in many areas in southern
California where habitat still appears to be suitable (Remsen
1978, Garrett and Dunn 1981). In northern California, river
channelization and bank and levee protection have reduced nest-
ing sites and are considered primary long-term threats to the
species (Remsen 1978, Schlorff pers. comm.).

The bank swallow is generally considered a riverine ripari-
an species; however, it also breeds near lakes, coastal bluffs,
and in some areas away from water. It nests colonially in
earthen banks and bluffs, and in sand and gravel pits. Bank
swallow nesting habitat consists of eroding banks with the top
section of the bank characterized by 1-4 m nearly vertical walls
of fine sandy loam soil. Bank exposure ranges from north to
east on the Sacramento River. Most colonies are near open grass
fields (Garrison and Humphrey 1986).

Intensive surveys of the Sacramento River from Shasta Dam
to the Delta identified 60 colonies which supported an estimated
16,149 breeding pairs (Garrison and Humphrey 1986). This repre-
sents approximately 70-80 percent of the total population in
California.    Seventy-seven percent of the Sacramento River
colonies were in eroding banks on the outer bends of the river
(Garrison and Humphrey 1986).

Thirty-five of the 60 colonies mapped by Garrison and
Humphrey (1986) are located below ~RM 194 and thus within the
SRBPP study reach. Two (3.3%) of the 60 colonies were found in
eroded non-project private, levees upstream of the ends of the
SRBPP levees. One of the sites in the Butte Basin Reach is
scheduled for bank protection under Work Unit 4.0 (see COE
1987a). All 35 of the colonies within the SRBPP study reach
occur where extensive natural berms are present between the
river channel and the levee; none are located where the river
has eroded into the levee.

Valley Elderberry Longhorn Beetle. The valley elderberry
longhorn beetle (VELB) is officially a federally listed
threatened species. The species is a pith borer upon its host
plant, elderberry (Sambucus sp.), which occurs on floodplains of
the Sacramento and San Joaquin Valleys (USFWS 1984b).    The
actual distribution and abundance of the species is little
known.
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The substantial reduction in riparian forests in the last
150 years suggests that the beetle’s range has contracted;
remaining populations are discontinuous.    Recently, VELB has
been collected at locations along the Sacramento River in Yolo,
Sutter, Colusa, Glenn, Butte, and Tehama Counties; the American
River, Sacramento County; Putah Creek, Solano and Yolo Counties;
and Cosumnes River, Sacramento County (USFWS 1984b; Jones &
Stokes Associates 1985; Williams pars. comm.; Lang pars. comm.).

USFWS has contracted for field to determinea 3-year study
the extent of beetles and their elderberry host plants along the
Sacramento River between Sacramento and Red Bluff. These sur-
veys suggest that the VELB is widespread above Colusa along the
Sacramento River and less common downstream. Exit holes be-
lieved to be characteristic of VELB were found in 86 percent of
the ~stands surveyed in RM 214-243 (N = 23) and in all stands
surveyed within RM 146-156 (N = 3) and RM 181-214 (N = i0). In
contrast, between Sacramento and Colusa (RM 60-143), only 26
percent of the 23 stands surveyed contained exit holes (Jones &
Stokes Associates 1985, 1986). Data from the 1987 field surveys
have not been analyzed yet.

Records of VELBs based on sight observations are few.
Jones & Stokes Associates (1985) recorded single adults~at three
sites during 1985 surveys: near Knight’s Landing (RM 84.3),
near Grimes (RM 126.5), and near Red Bluff (RM 235). No adults
were recorded during 1986 surveys. During the recently complet-
ed 1987 surveys, adult beetles were collected at four locations
from near Colusa to Chico Landing: RM 138.6, RM 169.5, RM
177.8, and RM 179.4. Arnold (pars. comm.) found nine adults
along the Sacramento River between Knight’s Landing and the
Feather River confluence (RM 80-90). VELBs have also been
recently reported from the Lighthouse Marina project area, Yolo
County (RM 60-61).

VELB has presumably declined due to a reduction in .the
amount and extent of riparian habitat and elderberry shrubs in
the Central Valley. Such loss has occurred from agricultural
conversion, levee construction, bank protection, grazing, and
recreational and urban development, Insecticide and herbicide
use may also affect populations of the beetle and its host plant
(USFWS 1984b).

Giant Garter Snake. The giant garter snake, a subspecies
of the western aquatic garter snake, is designated as threatened
by the DFG, and is a Category-2 candidate species for federal
listing.

The giant garter snake formerly ranged from the Sacramento
Valley south to Buena Vista Lake in Kern County. Agricultural
development has caused it to be extirpated from the southern San
Joaquin Valley. Its present range extends from Fresno County
north through the Central Valley to the vicinity of~Gridley,
Butte County (Hansen and Brode 1980).
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The giant garter snake is the most aquatic of California’s
garter snakes, and is rarely seen more than a few feet from
water (DFG 1983). It frequents areas of permanent fresh water,
particularly sloughs and marshes overgrown with tules, and asso-
ciated grassy, open upland. It is generally not found in willow
thicket areas or areas with woody riparian vegetation shading
the ground (Brode pers. comm.). It can also be found in tempo-
rary water such as flooded rice fields and irrigation canals
(DFG 1983).

The giant garter snake can be found from March through
October when it typically basks on streambanks or drapes across
emergent and streamside vegetation. The cool winter months are
spent in dormancy, probably in cracks and burrows above the
water line (Hansen and Brode 1980). The giant garter snake
forages along watercourses for fish and amphibians (Hansen
1982). The diurnal habits and shallow, open water habitat of
this subspecies make it vulnerable to predators like egrets,
herons, and northern harriers, and it is consequently a wary,
secretive snake (Fitch 1940).

Activities associated with agricultural developments,
especially draining of wetlands, diking of marshes, and channel-
ization of rivers, are the primary factors responsible for the
giant garter snake’s decline (Hansen and Brode 1980). Pesticide
use also may have an adverse effect on this subspecies (Hansen
and Brode 1980). Human activities are a source.of direct mor-
tality of the giant garter snake; Hansen and Brode (1980) found
a number of road-killed giant garter snakes, and also noted that
in the Mendota Wildlife Area several individuals had been delib-
erately killed by users of the area.

The giant garter snake has not been observed along the
Sacramento River and is not known to inhabit areas occupied by
woody riparian vegetation (Brode pers. comm.).

California Tiger Salamander.     The California tiger
salamander is a federal Category-2 candidate species.    This
salamander occurs west of the Sierra Nevada in central
California from sea level up to about 4,500 feet (1,400 m
[Stebbins 1985]). Its range extends from Butte County in the
north (Hayes, in press), south, to Santa Barbara County
(Stebbins 1985).

This species frequents still waters of ponds, reservoirs,
streams, vernal pools, open grasslands, and open woodland habi-
tats. California tiger salamanders are probably nocturnal for
most of the year (Storer 1925) and are most often found under
objects near water, or crawling at night following heavy rains
(Stebbins 1985). Adults require ground burrows or rock crevices
where they estivate during the summer to avoid desiccation
(Stebbins 1951).
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Habitats at proposed bank protection work sites are not
suitable for the salamander. Thus, bank protection will not
affect habitats or populations of this species. Declines in
California tiger salamander populations have been attributed to
contamination of breeding ponds with pesticides and other con-
taminants, predation on larva by introduced bullfrogs, reduction
of burrows due to rodent control, and conversion of. grassland to
agricultural and urban uses (Basey 1976).

Sacramento Anthicid Beetle. The Sacramento anthicid beetle
is a Category-2 candidate species for federal listing. This
insect was only recently described (Chandler 1978a,b) and rela-
tively little is known about its distribution and life history.

All stages of this beetle, from egg to adult, take place in
loose sand, typically in slipfaces of sand dunes among willows
and bamboo (Hagen pers. comm.). It can be found in isolated
areas that contain only a few square meters of sand. Adults fly
and apparently can quickly colonize new patches of sand (Hagen
pers. comm.). Most species of anthicid beetles are detritus
feeders, and presumably the Sacramento anthicid beetle feeds on
willow leaf litter and soil fungi.

The Sacramento anthicid beetle was probably more widely
distributed before human activities altered or eliminated many
sand dunes in the Central Valley and Delta areas (Hagen pers.
comm.). This beetle is currently found at several sites along
the Sacramento River (Hagen 1986). Two sites are located near
Rio Vista between RM ii and RM 15. The larger of these is
approximately 0.75 mile south of the Rio Vista Bridge, at the
Solano County Beach Park and on adjacent U. S. Military Reserva-
tion dredge spoils. The sandy habitat at this site is approxi-
mately 7 to 8 acres in extent. The second location near Rio
Vista is an approximately 2-acre waste disposal site on the
westernmost tip of Grand Island (RM 14.5) in Sacramento County.
Both areas have been used as depositories for dredge spoils.
The dredge spoils do not appear to adversely affect this beetle,
and dunes created from dredging may, in fact, provide the only
suitable habitat remaining .for the species.

Hagen (1986) also collected Sacramento anthicid beetles on
sand dunes under the Ord Ferry Road bridge ~over the Sacramento
River at RM 184.

The primary threat to the Sacramento anthicid beetle is
degradation or loss of its sandy habitat. Compaction or removal
of sand adversely affects this species (Hagen pers. comm.).

Least Bell’s Vireo. The least Bell’s vireo (Vireo belli
pusillus) is listed as an endangered subspecies by DFG and
USFWS. The vireo was formerly considered common or abundant in
lowland riparian habitats throughout California, but its
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population is now limited to a few areas in southern California
(Goldwasser et al. 1980).

The decline of the species has resulted from the combined
effects of riparian habitat loss and brood parasitism by the
brown-headed cowbird (Molothrus ater) (Goldwasser et al. 1980,
Gray and Greaves 1984). The cowbird has emigrated to California
over the last 70 years in response to favorable land use
changes, including livestock ~grazing, agricultural conversion,
and urbanization (Grinnell and Miller 1944, Rothstein et al.
1980, Airola 1986). The cowbird increase, and the corresponding
increase in incidence of parasitism, has reduced production of
vireo young, apparently to the point where the species cannot
sustain itself over much of its former range.

The Bell’s vireo is restricted to lowland riparian vege-
tation. It utilizes a variety of riparian types, preferring
scrub thickets or forests with dense understories (Grinnell and
Miller 1944, Gray and Greaves 1984). It nests in low vegetation
that provides nesting cover. ¯

The Bell’s vireo no longer occurs within the Central Valley
of California (Goldwasser et al. 1980, Gray and Greaves 1984,
Grenfell and Laudenslayer 1983). Formerly, it occurred at least
as far north as Red Bluff, Tehama County (Grinnell et al. 1930,
Grinnell and Miller 1944, Gaines 1974).

"Habitat with suitable vegetation conditions still exists
along the Sacramento River within the Central Valley.    The
future of the species in these areas may depend on artificial
reintroduction of the vireo and an extensive, continuing cam-
paign to reduce numbers of brown-headed cowbirds (USFWS 1986a).
Such efforts have been proposed, but are of lower priority for
funding than for protection and enhancement of existing popu-
lations (USFWS 1986a).

Summary. Table 6-3 summarizes the known distributions of
special-status wildlife species within the SRBPP study reach.

Fisheries                                          i

Introduction

The Sacramento River provides important habitat for a        ~
diverse assemblage of fishes, including both anadromous and
resident species. Anadromous fish include chinook salmon (four        I
races), steelhead trout, striped bass, American shad, green and
white sturgeon, and Pacific lamprey.    Resident fish can be
separated into warmwater game fish (such as largemouth bass,         ~
white crappie, black crappie, channel catfish, white catfish,
brown bullhead, yellow bullhead, bluegill, and green sunfish),
coldwater game fish (such as rainbow and brown trout), and !
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Table 6-3. Skmmazy of Known Distributions
of Special-Status Wildlife Species Within Project Reach

Confirmed Populations by Reach
Collinsville Sacramento Colusa to

Species to Sacramento to Colusa Chico Landing Sources

Swainson’s hawk RM 15-60 RM 60-144 not surveyed Schlorff (pers,
(II territories) (23 territories) ccmm.) for 1986

survey

Yellow-billed cuckoo none none RM 144-194 Laymon (1984)

Bank swallc~ none RM 81-144 RM 174-193 Garrison and
(Ii sites) (24 sites) Humphrey (1986)

Giant garter snake none none none NDDB

Sacramento Anthicid RMII-15 none RMI84 Hagen (1986)
beetle (2 sites)

Valley elderberry none ~Ms 60-61, 84, RMs 139, 170, several;
longhorn beetle 80-90, and 126 178, and 179 see text



nongame fish (such as Sacramento squawfish, Sacramento sucker,
and golden shiner). Native nongame fish such as the Sacramento
perch, California’s only native sunfish, and the viviparous rule
perch, still persist in the Sacramento River.

Chinook salmon are the most important fish to commercial
and sport fishermen in California. Annual commercial catches
are 2-14 million pounds and sport catches are 40,000-130,000
fish (COE 1985). The Sacramento River sustains the largest
chinook salmon run in California; over 90 percent of the Central
Valley salmon population spawn in the Sacramento River system
(Kjelson et al. 1982). The Sacramento system also contributes
about one-half million chinook salmon annually to the commercial
harvest of these fish in the Pacific Ocean (USFWS 1976).

Four runs of chinook salmon--fall, late fall, winter, and
spring--occur in the Sacramento River. The distribution and
abundance of each run is limited by the availability of suitable
habitat during their respective spawning seasons. The fall-run
chinook is the most abundant race, comprising about 80 percent
of the Sacramento basin stock (Kjelson et al. 1982). The win-
ter-run race of the Sacramento River chinook salmon has been a
candidate for designation as a Threatened Species under the
Endangered Species Act; the petition for listing has been re-
cently rejected, however. This race is distinct from the other
three chinook races and has suffered dramatic declines in abun-
dance since 1969 (Hallock and Fisher 1985).

Other races of chinook salmon in the Sacramento River have
declined substantially as well. The most extensive record of
spawning stock estimates is for fall-run chinook salmon. The
average spawning stock estimates for fall-run chinook salmon
above Red Bluff for 1950-59, 1960-69, 1970-79 are 190,000,
130,000, and 48,000, respectively (Buer et al. 1984).    The
average count dropped to 33,000 fish for 1980-85. Thfs value is
only 17 percent of the spawning population of the 1950s (Michny
and Deibel 1986).

Steelhead trout comprise an important recreational fishery
within the Sacramento River system. The total run ranged from
about 14,000 to 28,000 adults annually during the period 1953-59
(COE 1985). Approximately 15 percent of the annual steelhead
runs in the Sacramento River are the result of stocked fish
released as smolts and fingerlings~

Virtually all of California’s American shad and approxi-
mately two-thirds of the striped bass spawn in the Sacramento
River system (DFG 1966). The striped bass population of the
Sacramento River system has been estimated to be between 1.5 and
4 million adult fish, with approximately 55-66 percent of this
population spawning in the Sacramento River (DFG 1972). An
annual catch of 250,000 fish provides 1.5 million angler-days.
Juvenile and adult striped bass abundance has declined over the
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last 15-20 years, and intensive studies have been conducted to
determine the causes.

The American shad population has grown tremendously in the
last few years, and the adult population is now estimated to be
several million (USFWS 1976). With the decline of striped bass
and other species, the shad fishery has become increasingly
popular. Both the s~riped bass and American shad depend direct-
ly on the Sacramento River system and its estuary.

The adult population of white sturgeon is estimated to be
72,000-212,000 fish (Miller 1972), with an average annual catch
of approximately 8,500 fish annually (Moyle 1976).    Green
sturgeon population levels are unknown, but are believed to be
smaller than those of the white sturgeon.

Remnant populations of the Sacramento perch,. California~s
only native sunfish, occur in the Sacramento system. Although
the species is thought to be threatened with extinction in the
Sacramento River, it is presently listed as status-undetermined
pending collection of additional information (DFG 1972); base-
line resource information on this species is lacking.

Life History Characteristics

Chinook Salmon

Spawning. Chinook salmon spawning requirements are
well documented and will not be summarized here; Deibel and
Michny (1986) provide a detailed description of salmon spawning
requirements. The onset of spawning typically coincides with a
drop in water temperature below 60°F.

Suitable spawning conditions are present for fall- and
late-fall-run chinook salmon in the project area from RM 175 to
194, although spawning gravel quality is reduced with downstream.
distance from about RM 210 (DWR 1984). Fall-run spawning activ-
ity typically peaks in November, but varies annually depending
on water higher water (>60°F) in thetemperatures; temperatures
fall will delay spawning.    Late-fall-run chinook spawn from
January throhgh March. No evidence exists of late-fall-run~
chinook salmon spawning within the. project area, but water
temperatures are within known spawning ranges, and spawning
gravels are present in limited quantities.

High water temperature precludes winter- and spring-run
chinook salmon from spawning in the project area (Deibel and
Michny 1986); these races successfully spawn upstream from the
project area where water temperatures are within acceptable
limits.

Spawning activity has increased below Red Bluff Diversion
Dam (RBDD) (RM 243) since its construction in the mid .60s and
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other river modifications. Based on 1980-84 data, about 50 per-
cent of fall-run chinook spawn below RBDD; generally, less than
5 percent of fall-run chinook spawned below RBDD prior to its
construction. RBDD is the primary cause of the shift in spawn-
ing distribution. The dam is a partial barrier to upstream
migrants and contributes to the mortality of downstream migrants
through increased predation. Channel armoring and grave! exca-
vation above RBDD are also partially responsible for the shift
in spawning distribution.

Chinook salmon spawning escapement estimates for the
Sacramento River are compiled annually by DFG. DFG estimates
are considered to be as accurate as can be expected given the
variety of river conditions that necessitate using and inte-
grating different estimation techniques (Deibel and Michny
1986). Lower Sacramento River flows may be higher and more
turbid than upper river flows, and could make it especially
difficult to observe or quantify late-fal!-run chinook salmon
spawning in t~e project area from January through March.

Spawning escapement of fall-run chinook salmon within the
project area was estimated for this report using techniques
previously applied in the Butte Basin Reach (Deibel and Michny
1986). Estimated average spawning escapement was calculated
using the escapement estimate below RBDD and the percentage of
redds below RBDD that were within RM 0-194. DFG spawning survey
records including aerial survey records were reviewed for the
7-year period 1980-86 (Michny pers. comm., Deibel and Michny
1986).

Based on an average redd count of 638 below Red Bluff, the
estimated average spawning escapement in the project area for
the 1980-86 period is 992 fish (Table 6-4). This estimate is
based on the assumption that escapement per redd is the same in
the project area as it is above RBDD. Escapement per redd
ratios may vary spatially within the river, but no data exist to
measure this variability. The redd-escapement ratio used above
RBDD provides the best estimate available.

Ab6ut 3.2 percent of the redds counted below RBDD during
the 1980-86 period were within the project area below RM 194.
Only 0.3 percent (an average of 2.4 over seven years) of redds
detected below RBDD were below RM 177; thus, escapement below RM
177 averaged 97 salmon over the 7-year period. The Butte Basin
Reach (RM 177-i~4) accounted for about 90 percent of redds below
RM 194 during the 7 years. Spawning was never observed in
sloughs.

Rearing. Juvenile chinook salmon habitat preferences
have been reviewed by USFWS (Michny ~nd Hampton 1984; Michny and
Deibel 1986) and Beauchamp et al. (1983). Suitable water velo-
city, depth, substrate, and cover are important microhabitat
components. Each of these conditions, in addition to adequate
food~ supply and water quality, must be present, to .support
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Table 6-4. Aerial Redd Counts and Escapement Estimates for Fall-R~n
Chinook Salmon within the Project Area (RM 0-194)

Estimated Average
Average Number Average Fall-Run Estimated

Redd Count of Redds Belc~ Percent of Redds Escapement ~ Escapement
Date RM 0-194 Red Bluff in RM 0-194 Below Red Bluff~ RM 0-194

10-31-80             8
11-12-80             6
11-26-80              4 (6.0)a            536                       I.I                      30,278                  333

10-19-81 14
11-06-81 23 (18.5)a          785                      2.4                     42,724               1,025

11-09-82               15
12-10-82             1 (8.0) a           335                     2.4                    23,833                 572

10-27-83             1                   522                     0.2                    32,018                  64

10-25-84               14                       408                          3.4                        419,166                   652

10-23-85           33
11-06-8525         25
11-20-85              84 (47.3)a         1,168                         4.1                       32,953                 1,351

10-24-86            0
11-05-86           19
11-12-86        21
12-04-86             60 (25.0)a           712                    ~ 3.5                      35,355                1,237

Average (n=I6)     20.5              638                   3.2                 30,890              992

a
b Average for year

Estimation technique frcm Deibel and Michny (1986)



juvenile chinook salmon populations (Everest and Chapman 1972;
Reiser and Bjornn 1979).

Shallow inshore habitat is important juvenile chinook
rearing habitat. Juveniles are generally associated with velo-
cities and depths in proportion to body size (Chapman and Bjornn
1969); very young chinook prefer low velocities and shallow
depths and then shift to faster, deeper water as they grow.
Chinook salmon fry also prefer habitats with back eddies, fallen
trees, undercut roots, and other protective features (Lister and
Genoe 1970). Fine tree branches submerged in flowing water
provide better habitat than large logs that create deadwater
zones (Michny pers. comm.).

Juvenile salmonid habitat is enhanced by habitat diversity
at the land-water interface and on adjacent berms. The impor-
tance of streambank vegetation and its associated snag and root
systems cannot be overemphasized. Low-hanging branches are used
by fish for. escape cover from avian and terrestrial predators.
Sunken logs and root systems provide stable substrates for
attachment of aquatic organisms and shelter from strong light,
swift current, and predators.    Root systems provide protective
eddies during high flow periods and create habitat diversity by
modifying hydraulic conditions. Terrestrial organisms falling
from overhanging branches contribute to the food base of the
aquatic community.    Terrestrial insects from the Aphididae
(aphid) family can be a major food item for young chinook in the
Sacramento River (Schaffter et al. 1983). Salmon are primarily
insectivorous and feed mainly on drifting food organisms.

Migration. Juvenile salmon emigration is a complex
phenomenon not fully understood. Some fry migrate seaward imme-
diately after emergence while others rear in the river several
months before migrating downstream.    Rearing and migration
activities are not completely separable as they can occur con-
currently. Chinook salmon from coastal streams leisurely feed
and migrate downstream rather than living in distinct reaches of
rivers for extended periods prior to migration, as do salmon in
the Columbia River (Beauchamp et al. 1983).

Juvenile salmon released in the Sacramento River at
Courtland (RM 34) and Red Bluff (RM 243) resided in the river
for an average of 63 and 76 days, respectively (Brown 1986).
Migration rates have been found to increase from 5 miles/day in
April to 15 miles/day in June (Wickwire and Stevens 1971).
Salmon emigration also has been correlated with periods of high
discharge and turbidity (Reimers 1973; Davis 1981).

Fry averaging 37 mm in ~length dominated both trawl and
seine catches within RM 27-70 fromJanuary to March (Schaffter
1980). These fish remained inshore and slowly drifted down-
stream. Smolts (75-90 mm in length) dominated catches in April
and thereafter, remaining offshore and moving rapidly down-
stream.    The relationship between fish size and downstream
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migration timing .has been reported elsewhere for the lower
Sacramento River (Hatton 1940; Hatton and Clark 1942; Erkkila et
al. 1950; Sasaki 1966).    Peak emigration through the Delta
occurs during the spring, but exact timing can vary from
mid-March (Schaffter 1980) to May (Wickwire and Stevens 1971),
and even into June (Sasaki 1966).

Most young chinook migrate at night (Gauley et al. 1958;
French and Wahle 1959; Lister and Genoe 1970; Schaffter et al.
1983). BioSonics (1982) found migration~in the lower Sacramento
River to occur primarily at night. It was hypothesized that
juvenile salmon remained.near shore during the day and moved
toward the middle of the river at night. Wickwire and Stevens
(1971) found that salmon tended to migrate in the center of ~the
river. Visual and hydroacoustic observations indicated that
salmon fed actively in the nearshore areas as small Schools
during the day (BioSonics 1982). Young chinook generally show
schooling behavior and clumped distribution (Michny and Deibel
1986). They are thought to remain in a small home area during
the day. Mains and Smith (1964) found the highest densities of
young salmon near the shorelines of the Columbia River.

In juvenile chinook salmon can be found in thesummary,
Sacramento River almost any time of the year, day or night, in
nearshore habitat or in the center of the river. Previous
studies suggest that fish move downstream primarily at night and
rear during daylight hours. Fry tend to congregate near shore,
while smolts are generally found in open water.

Steelhead Trout. Steelhead trout use.the lower and middle
Sacramento River as a migration corridor to and from spawning
grounds on tributary streams; spawning or rearing habitat does
not exist within the project area. Steelhead are present in the
Sacramento River year-round either as smolts migrating down-
stream or adults migrating up or downstream. Most spawning fish
move upstream in the fall and winter. Juvenile emigration
occurs primarily during the spring after 2. or more years of .
rearing in upstream areas.

Striped Bass.    Adult striped bass are found in the
Sacramento River only ~during spawning runs from April to June.
Most spawning is confined between Isleton (RM 17) and Butte City
(RM 169). Semibuoyant eggs and larvae are carried downstream
near the bottom and midchannel into the Delta and Suisun Bay.
Most eggs hatch between Courtland (RM 34) ~nd Sacramento (RM
60). Larger larvae and juveniles ~end to concentrate near the
shoreline. During their second year, young bass may move back
upstream from the Delta into the Sacramento River.

American Shad. American shad are similar to striped bass
in their use of the Sacramento River. Adult fish are present
Only from April to June during spawning migrations. Spawning
occurs in the Sacramento River above Hood (RM 38) and in tribu-
taries.    Semibuoyant eggs gradually drift downstream, before
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hatching. Some newly hatched shad begin downstream migration
immediately, while others remain near spawning areas until ¯they
reach about 75 mm in length. Juvenile shad are common in the
river from July through November during a protracted outmi-
gration period. Larvae and young juveniles occur in greatest
abundance in the Sacramento River from Freeport (RM 46) down-
stream. ~Juvenile shad appear to favor the inside of river bends
or sandy bars.

White and Green Sturgeon. Adult sturgeon are found in the
Sacramento River from March to June during spawning migrations.
White sturgeon are believed to migrate farther upstream than
green sturgeon. The adhesive eggs stick to the substrate after
fertilization. Larvae stay close to the bottom after hatching
and are washed downstream into the estuary.

Warmwater Game Species. Most warmwater game species prefer
quiet, backwater areas and nest on the bottom.    These fish
seldom inhabit the main channel where current velocities can be
high and cover lacking. Warmwater game species spend their
entire life cycle in the Sacramento River and do not undertake
spawning migrations. Most species prefer shoreline areas along
vegetated levees.    Shaded riverine aquatic habitat provides
essential spawning cover for sunfish and channel catfish in
particular.

Special-Status Species

No special-status fish species are known to occur in the
Sacramento River. Winter-run chinook salmon was recently con-
sidered as a candidate for Threatened Species designation; the
species was rejected for listing after a thorough review by the
National Marine Fisheries Service. The State of California Fish
and Game Commission recently declined to declare winter-run
chinook salmon as a candidate for state endangered species
status. Sacramento perch is currently under consideration as a
federally listed threatened species.                     ¯

Land Use                                             I
Agriculture is the predominant land use in the Sacramento

River basin and along the SRBPP reach (RM 0-194). The~ City of         ¯
Sacramento is the only location where a major acreage of urban
development fronts the~ river. Minor amounts of residential and
commercial development occur in or near Rio Vista, Isleton,         ~
Walnut Grove, Locke, Hood,. Clarksburg, and Freeport. Marinas
are common along the river in this reach, especially ¯between
Clarskburg and just upstream of Discovery Park (Riparian Systems
and Meyer Resources Inc. 1986). Low density residential devel-         i
opment occurs on the east bank of the river along the Garden
Highway from Sacramento north to Verona.    Further north,

!
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additional, scattered development is found along the river in
communities such as Knight’s Landing, Grimes, and Colusa.

Along the upper river reach north of Colusa, riparian
vegetation along the river increases and orchard crops predomi-
nate. Some development is scattered along the river near the
communities of Princeton and Butte City.

Aesthetics

The Sacramento River and its associated riparian vegetation
provide a quality visual experience for those who visit its
banks or travel along its levees. The aesthetic quality of the
Sacramento River is enjoyed at three levels by: those who go to
the river for other recreational reasons (e.g., boating, fish-
ing), yet appreciate the beauty of the area; those who go to the
river or travel along the river specifically to enjoy the beauty
of the river corridor itself; and those who enjoy the aesthetic
quality of the corridor while on their way to another destina-
tion.

Some of the scenic travel corridors along the river and
sloughs have been designated as official scenic roadways.
Special regulations, primarily affecting the placement of ad-
vertising signs, apply to these roadways.

State Highway 160 along the Sacramento River, from Freeport
so~th to Antioch, has a state scenic highway designation.
Isleton Road, a county road on the opposite side of the river
from Highway 160 between Walnut Grove and Isleton, has been
recognized by the state as a "state-designated scenic county

In addition to the state-designated scenic roadways, sever-
al miles of county-designated scenic roadways are present in the
SRBPP area. The roadways along Sutter, Steamboat, and Georgiana
Sloughs and the Garden Highway north of the City of Sacramento
have all been designated as scenic roadways by the County of
Sacramento. State 45, which the west side ofHighway runs along
the Sacramento River in parts of Glenn County has been designat-
ed as a scenic roadway by Glenn County.

Recreation

Because intensive agriculture has altered most of the
natural landscape, little recreational land is available in the
Sacramento Valley outside of riparian corridors. The Sacramento
River environment is the primary r~mnant riparian corridor in
the valley, providing the most important recreational resource
for local residents. About 65 percent of the total recreational
use on the river at and above Sacramento is by people living in
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counties adjacent to the river. Ninety percent of the summer
day use activity is by local residents (COE 1975).

Recreational use of the Sacramento River is diverse.
Recreationalists spent an estimated 2 million user days on the
river in 1980 (Hinton 1982), and present use is probably higher.
¯ Popular uses include fishing, boating, water skiing, picnicking,
camping, and bird watching. Because the river supports large
annual runs of anadromous fish such as chinook salmon, striped
bass, steelhead, and American shad, shore and boat fishing
represents 39 percent of the .annual recreational hours (from
Redding to Courtland (Hinton 1982). Nearly 1.9 million recre-
ation hours involved fishing in 1980, primarily for anadromous
fish. This river fishing experience differs from still-water
fishing at natural lakes or man-made reservoirs.

Public access to the river for recreational use is limited
by the amount of public lands along the river. Wherever it is
accessible, the river is heavily used for recreation and degra-
dation of riparian habitat is common. COE has accommodated some
of this demand through construction of seven recreational sites.

The valley population, especially in the Sacramento area, is
growing rapidly and is increasing the recreational demand. The
boater population in Sacramento and Yolo Counties is projected
to increase 60-160 percent by the year 2020 (Riparian Systems
and Meyer Resources Inc. 1986).

Recreation Development

COE and The Reclamation Board, with participation by local
governments, have developed several small recreation sites as
part of the SRBPP. These generally include a boat-launching
ramp, parking, picnicking, shorefishing, and other day-use
facilities. Seven sites have been developed, including Hogback
Island in the Delta, Garcia Bend and Elkhorn Ferry near
Sacramento, Riverfront Parkin Marysville, and Live Oak on the
Feather River. Other sites may be developed in the future if
continuing interest is provided.

Wild, Scenic, and Recreational River Status

On September II, 1970, segments of the Sacramento River,
including the reach from Keswick Dam to Sacramento, were iden-
tified as potential additions to the National Wild and Scenic
Rivers System, in accordance with provisions of the Wild and
Scenic Rivers Act of 1968 (Public Law 90-542). Section 5(d) of
this act, as amended, states in part that:

!
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"In all planning for the use and development of water and
related land resources, consideration shall be given by all
Federal agencies involved to potential national wild,
scenic, and recreational river areas, and all river basin
and project plan reports submitted to the Congress shall
consider and discuss any such potential."

The COE’s Sacramento District completed a Section 5(d)
study of the Sacramento River in 1975; this study comprised an

of features and conditions river but did notalong~ the
make recommendations about designation of any river segments
(COE 1975).

The wild and scenic river status of the Sacramento River
has not changed since 1970. The river remains on the 5(d) list
of potential wild, scenic, and recreational rivers, but it does
not have official study status and therefore does not have any
special protection under the Wild and Scenic Rivers Act
(Huddleston pers. comm.).

Cultural Resources

Historical and archeological resources along the Sacramento
River have been thoroughly reviewed by COE during the course of
the SRBPP. In 1982 and 1984, record searches for all known
cultural sites along the Sacramento River from Redding to
Sacramento were completed by the California State University at
Chico (COE 1985). Numerous past bank protection sites ha~e been
the subject of intensive cultural resources surveys.    The
probability of discovering previously unknown cultural sites at
proposed bank protection sites is relatively low.

Water Quality

Waters of the Sacramento are generally good quali- ~River of
ty and are suitable for municipal use after treatment.
Rice-field herbicides cause the most significant degradation,
but recent efforts by the State Department of Food and Agricul-
ture and RWQCB appear to be reducing levels of these contami-
nants. Water quality in the distributary channels Of the Delta~
is affected by intrusion of saline sea water, which is of in-
creasing concern as consumptive uses of fresh water continue to
increase statewide. Turbidity of Sacr~nento River waters is
generally low during low flow per±ods and generally high during
periods of flOod flow.

Character of Proposed Bank Protection Sites

More than one hundred fifteen (115) bank protection work
sites have been tentatively proposed for the remainder of the
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SRBPP Second Phase (Veres pers. comm.). These sites are inter-
spersed among past work sites from RM 7 to RM 168 at Butte City.
The combined length is more than 100,000 linear feet. These
sites are only tentatively identified at this time; locations
for future bank protection work may shift in response to
year-by-year erosion-control priorities.

A specific method of bank protection had been proposed for
only i0 of the 115 sites (by February 1987). The proposed
method is riprap in either bank-cut or bank-fill configurations.
Bank protection methods have not been specified for the remain-
ing sites, yet it can be presumed that COE favors some form of
riprap for all of those sites to be constructed in 1988 (45
sites). Success of experimental and demonstration methods could
affect COE’s choice of a preferred method for sites to be pro-
tected in later years.

A little over half of the proposed work sites, representing
58 percent of the total footage of proposed bank protection
work, is located downstream of Sacramento on the Sacramento
River, Sutter Slough, Georgiana Slough, or Steamboat Slough
(Table 6-5). Five work sites are located on the east bank of
the Feather River within 7 miles of its mouth at RM 80 on the
Sacramento River. These proposed Feai~her River work sites have
a combined length of 5,000 feet.

The reach from Sacramento to Colusa has 35 proposed work
sites representing about 27 percent of the total footage of bank
protection work. The upper reach, between Colusa and. Chico
Landing, has ii proposed work sites with a combined length of
9,700 feet, representing approximately i0 percent of the
proposed bank protection footage. All of the upper river sites
are located within the leveed reach; none are in the unleveed
Butte Basin reach above RM 176.

Most of the 115 sites were examined in the field by Jones &
Stokes Associates staff during February and March 1987. These
reconnaissance surveys were used to determine the range of
conditions and resources present along the SRBPP reach that may
be affected by future bank protection work. Channel, bank, and
levee configurations; existing improvements; stream erosion;
vegetation types; wildlife habitats; and the suitability of con-
ditions for the presence of special-status species were record-
ed. Field reports were summarized through creation of a compu-
terized data base system.

Berm and Erosion Conditions                                                         I

Berm and erosion conditions observed at the proposed work
sites are summarized in Table 6-6. About half of the sites         ¯
below Sacramento, did not contain a berm, whereas most sites
above Sacramento contained berm averaging over 100 ft in width.
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Table 6-5. Location and Iength of Tentatively
Proposed Bank Protection Work*

River Reach ~ of of Work PercentProposed
or Slough Work Sites (feet) of Total

Sutter Slough 6 7,750 8

Steamboat Slough 9 8,510 9

Georgiana Slough 16 12,670 13

Feather River 5 5,000 5

Sacramento River

Lower Reach 33 27,960 28
(IRM 0-60)

Middle Reach 35 27,050 27
(RM 60-144)

Upper Reach ii 9 700 i0,
(RM 144-176/184)

Total 115 98,640 I00 "

* Another 9,000 feet of bank protection have been proposed along the Yolo
Bypass and the Colusa Drainage Canal but specific work sites have not been
identified.
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Table 6-6. Stmmary of Berm and Erosion Conditions at Proposed Bank Protection Work Sites
(identified in February 1987)

Sacramento River
and Sloughs Sacramento River Sacramento River

Below Sacramento Sacranento to Colusa Above Colusa Feather River

Designed work sites for 1988 construction I0 0 0 0

Other sites for 1988 construction 40 0 0 5

Work sites for 1989-1991 construction 14 35 II 0

Total number of proposed work sites 64 35 ii 5

Total length of work sites 56,890’ 27,050’ 9,700’ 5,000’

Number of sites which border high rock revetment’.
upstrean 13/42 31% - - 1/5 20%
both ends 7/42 17% - - 0/5 0

Number of sites by berm condition:
berm absent 26/55 47% 0/28 0 i/II 9% 0/5 0
irregular bank 22/55 40% 3/28 11% 2/11 18% 1/5 20%
straight bank 7/55 13% 25/28 89% 8/11 73% 4/5 80%

Average berm width 18 ’/27 177’/21 123 ’ / 8 34 ~/5

Number of sites with average berm width >30’ 3/55 5% 21/21 100% 4/8 50% 3/5 60%

Number of sites by type of eroding surface:
bank 55/55 100% 23/23 100% 4/5 80% 5/5 100%
horizontal bezm surface 1/55 2 0/23 0 0/5 0 0/5 0
levee face above bank 8/55 15% 0/23 0 I/5 20% 0/5 0

Number of sites by erosion extent:
less than 1/2 length of site 14/54 26% 4/22 18% 1/4 25% 0/5 0
more than 1/2 length of site 40/54 74% 18/22 82% 3/4 75% 5/5 100%

Number of sites by maximum height of erosion cut:
<3 ’                                                 17/47 36% 0/16 0 0/3 0 0/5 0

~10’ 16/47 34% 12/16 75% 3/3 100% 5/5 100%

Number of sites by inferred erosion initiator:
wavewash 55/55 100% 7/23 30 0/5 0 1/5 20%
flow line impingement 8/55 15 21/23 91% 3/5 60% 4/5 80%
ebstruction turbulence 3/55 5 0/23 0 0/5 0 0/5 0
headwerd tributary 10/55 18 0/23 0 1/5 20% 0/5 0
floodflcw 15/55 27 2/23 9% 3/5 60% 0/5 0

Note: Fractions indicate number of occurrences of the attribute over total number of observations. These are converted as percentages, as shown to the
right of each fraction.

- indicates data not recorded



At nearly all sites, regardless of reach, an eroding sur-
face was on the channel bank at or above the low water ele-

of 88 sites examined for type of erosion werevation. Only one
eroded on the horizontal surface of the berm, and only nine of
the 88 sites were eroded on the levee face above the channel
bank. The maximum height of observed erosion cuts was evenly
divided among <3 ft, 3-10 ft, and >I0 ft categories for the 47
sites examined downstream from Sacramento. Most sites upstream
from Sacramento had erosion cuts exceeding i0 feet in height.

Erosion cause was estimated at 88 proposed work sites
(Table 6-6). Below Sacramento, wavewash appeared to have initi-
ated erosion at all sites, but other initiating causes may also
have been active at some sites. For example, floodflows ap-
peared to have caused erosion at about one-quarter of the sites
below    Sacramento.     Upstream    from    Sacramento,    flowline
impingement on the outsides of channel bends was the dominant
cause of erosion.

Habitat Conditions

Habitat conditions for fish, wildlife, and special-status
plants were observed at about ~I09 proposed work sites (Ta-
ble 6-7). Seventy-five percent of all sites contained shaded
aquatic habitat, which occupied 60 percent of the proposed foot-
age that was examined. More than 90 percent of all sites con-
rained woody riparian habitat present. -Special-status plants were documented at only 2 sites, but
most sites contained potential habitat for at least one such
species. In nearly all cases, the potential habitat was for the
Delta tule-pea, the subspecies having questionable taxonomic
distinction from another more common and widespread subspecies.

Relatively few sites had documented occurrences of spe-
cial-status wildlife (i.e., Swainson’s hawk, bank swallow,
yellow-billed cuckoo, valley elderberry longhorn beet%e, or
giant garter snake). Many sites, however, especially those
above Colusa, provided potential habitat for one or more of
these species.

Summary

These data show that berm, erosion, and habitat conditions
are highly variable at the 115 sites tentatively proposed for
bank protection in February 1987. This variability shows the
necessity of detailed site-specific evaluations both for select-
ing and designing bank protection methods and for determining
resource impacts and appropriate mitigation for resource losses.
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Table 6-7. Summary of Fish, Wildlife~, and Plant Habitat C~nditions at Proposed Bank Protection Work Sites
(id~itified in February 1987) o.

Sacramento River
and Sloughs Sacramento River Sacramento River

Below Sacramento Sacramento to Colusa Above Colusa Feather River

Length of shaded aquatic habitat/footage ~
surveyed 28,850’/52,770’ 55% 15,850’/22,750’ 70% 5,200’/9,000’ 58% 3,100’/5,300’ 58%

Number of sites with shaded aquatic
habitat present 46/60 77% 21/29 72% 6/10 60% 5/5 100%

Average acres of woody riparian habitat
per site 0.55ac/36 - - i. 47ac/5

Number of sites with woody riparian habitat
present 54/60 90% 29/32 91% 10/11 91% 5/5 100%

Number of sites wi.th documented occurrence
of special-status plants 2/61 3% 0/32 0 0/I0 0 0/5 0

Number of sites with suitable habitat for
special-status plants 55/61 90% 23/32 72% 6/10 60% 5/5 100%

Number of sites with documented Swainson’s
hawk nest locations 1/61 2% 3/32 9% 0/11 0 0/5 0

~ Number of sites within Swainson’s hawk
co~ nesting territories 0/61 0 3/32 9% 0/11 0 1/5 20%

Number of sites providing suitable habitat
for Swainson’s hawk nesting 28/61 46% 13/32 41% 9/11 82% 5/5 100%

Number of sites with bank swallow colonies              0/61 0 0/32 0 0/11 0 0/5 0
Number of sites with potentially suitable

habitat for bank swallow nesting 0/61 0 11/32 34% 5/ii 45% 2/5 40%
N~mber of sites with documented occttrrences

of yellow-billed cuckoos 0/61 0 0/32 0 0/II 0 0/5 0
Number of sites with suitsble nesting hsbitat

for yellow-billed cuckoos 1/61 2% 9/32 28% 8/11 73% 0/5 0
~ of sites with valley elderberry

longhorn beetle habitat (elderberries)             2/6i 3% " 19/32 59% 8/11 73% 5/5 100%
Number "of sites with potential giant

gartersnake habitat 9/61 15% 0/32 0 0/11 0 0/5 0

Note: Fractions indicate number of occurrences of the attribute over total number of observations. These are converted as percentages, as shown to the
right of each fraction.

- ir~icates data not recorded



Chapter 7

ENVIRONMENTAL CONSEQUENCES OF
FEASIBLE BANK PROTECTION METHODS

Introduction

This chapter describes the probable effects of applying the
feasible bank protection methods identified in Chapter 3 to the
types of river environments that are present in the SRBPP area.
Cumulative impacts of the bank protection considered herein, in
conjunction with completed and anticipated bank protection, are
addressed in Chapter 5, "Cumulative Impacts of Completed and
Proposed Bank Protection."

The following discussions are arranged .by resource, ad-
dressing effects of~alternative bank protection methods in this
order: vegetation, wildlife, fisheries, land use, recreation
and aesthetics, cultural resources, and water quality. Energy
requirements and conservation potential are also discussed.
This analysis constitutes the detailed basis for conclusions
drawn in Chapter 4, "Comparison of Impacts of the Alternatives."

Ve@etation

The term "riparian habitat" is used to denote riparian
plants and plant communities and the wildlife habitat they
provide.

.Types and Significance of Vegetation Impacts from Bank Pro-
tection Projects

Direct Riparian Habitat Loss. Riparian habitat losses may
result from initial construction and subsequent maintenance and
repair of bank protection systems. Bank protection works and
construction access activities may displace riparian habitat on
banks, berms, and levees. Losses may include the aquatic habi-
tat at the water’s edge where overhanging woody vegetation,
emergent aquatic vegetation, and dead and down woody material in
the water creates important plant, wildlife, and fish habitat.

Maintenance and repair may suppress regeneration of these
resources. Bank protection maintenance has typically included
vegetation removal by fire or mechanical methods to expedite
levee or riprap inspection and repair. These actions are taken
independent of the placement of bank protection and are not
therefore considered impacts of the SRBPP (Veres pers. comm.).
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These actions favor herbaceous and shrubby vegetation dominated
by horsetail, a host of nonnative weedy herbs, Himalaya berry,
poison-oak, and California rose.

Losses of woody riparian habitat to bank protection are
considered significant impacts in all reaches of the SRBPP area°
This derives from the cumulative reduction in such habitat that
has already occurred in the Sacramento Valley (see Chapter 5);
remaining woody riparian vegetation constitutes less than 3
percent of the historical extent of this valuable resource.

USFWS classifies woody riparian habitats and heavily shaded
riverine aquatic habitats along the Sacramento River in Resource
Category 2. This means that any losses of these habitats must
be equally compensated for by increases in habitat values of the
same types of habitats elsewhere in the vicinity.

Elimination of Special-Status Plant Populations. Eliminat-
ing riparian habitats may adversely affect or eliminate spe-
cial-status plant species through removal of either the plants
or their habitat. The Suisun Marsh aster, California hibiscus,
and Mason’s lilaeopsis are restricted in the project area to
habitats near the low-flow water’s edge; where they occur, these
species would be lost by any bank protection method that dis-
turbs the water’s edge. The Delta tule pea potentially occurs
both at and above the low water level; populations on berms and
levee faces would only be lost through bank-cut riprap methods.

Elimination of populations of the Suisun Marsh aster,
California hibiscus, or Mason’s lilaeopsis is considered a
significant adverse impact because of the special protection
status and rarity of these species. Losses of potential habi-
tat, in contrast, are considered less than significant because
such habitats may occur in many situations other than along the
Sacramento River. Losses of the Delta tule pea are considered
potentially significant until ~the taxonomic uncertainty about
this subspecies is fully resolved.

Construction Soil Disturbance and Compaction. Soil distur-
bance and compaction on access roads and in construction clear-
ings creates a soil environment intolerable or difficult for
most native species. This favors domination by weedy nonnative
species, including both herbaceous species such as mustard,
brome, oat grasses, and yellow-star thistle, and shrubs such as
Himalaya berry and giant reed.

Soil disturbance and compaction in riparian areas are
considered significant adverse impacts if they result in losses
of actual or potential habitat for woody riparian plant species.
Postconstruction soil aeration andrevegetation techniques can
be used to mitigate this adverse impact.

~eduction in Early Successional Riparian Habitat. A cumu-
lative impact of bank protection may be a substantial reduction

7-2

C--0721 49



in early successional shoreline hab±tat.    Shoreline habitat,
where Cottonwoods, alders, and willows can naturally establish
themselves, is no longer created by sediment deposition below
Verona where the river and sloughs are prevented from meandering
by closely constraining levees. Eventually, the large cotton-
woods, alders, and willows typical of~ early successional habi-
tats will ~die, and without natural replacement, these woody
riparian stands and individuals will be eliminated. This re-
duction has implications for the wildlife dependent on both
early successional vegetation and large mature trees that regen-
erated in early successional habitats.

Reduction in early successional habitat is a significant
adverse impact of the overall SRBPP, regardless of the bank
protection techniques used at individual erosion sites. This
reduction results from the stabilization of the river in its
present course without opportunity for the cycle of bank erosion
and sediment deposition.    It can be partially mitigated by
artificial construction and revegetation of early successional
shoreline habitats.

Conversi6n to A@riculture.    Bank pro~ection along the
Sacramento River above Colusa may increase the rate of riparian
habitat conversion to agriculture at certain sites. Protected
berms are attractive to farmers because of the excellent soils
and low risk of. bank erosion. This conversion of riparian
habitat is considered a significant impact where it occurs.

Impacts of Alternative Bank Protection Methods

Rock Revetment (Riprap) Methods. Riprap permanently elimi-
nates riparian habitat because eroding banks are cut or covered
with compacted fill, and the newly graded surface is covered
with a rock blanket. Additional riparian habitat is lost, at
least temporarily, by construction of access roads and by clear-
ing for equipment setups; this requires an estimated average of.
at least 14 square feet of habitat per linear foot of bank
protection. This access and construction clearing is coupled
with additional clearing to provide visual inspection of the
newly revetted slopes through establishment of a 20- to 30-foot-
wide "select clearing zone."

Riparian habitat is highly modified but not eliminated in
the select clearing zone. Trees exceeding 8 inches diameter at
breast height (dbh) are retained when feasible, but most other

and herbaceous is removed disturbed.woody vegetation or Nearly
all vegetation, including large-stature trees, may be removed
from the construction clearing zone to provide adequate clear-
ance for heavy equipment that dredges material from the river
and places revetment on the bank. Soil disturbance and compac-
tion, and a loss or reduction in the amount of shade, reduces
the rate and success of natural or artificial vegetation
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reestablishment. Thus, the habitat loss may persist over the
long term.

Below the City of Sacramento, barges usually can be used
for riprap work, which helps avoid most of these additional
losses of riparian habitat because of construction. Costs for
river operations are higher than for land operations, however.

In addition to access, construction, and select clearing
losses, direct habitat losses due to bank shaping and riprap
application vary according to the configurations used,~ as dis-
cussed below.

Bank-Cut Riprap. This method requires that both the
bank face and a portion or all of the berm be removed .and re-
placed with a relatively gently sloping surface (usually 2:1
horizontal-to-vertical slope).    Thus, where a 15-foot high
eroding bank is present, 30 horizontal feet of berm may be
eliminated. This slope may extend onto the levee slope where
the berm is narrow. Thus, bank, berm, and possibly levee ripar-
ian habitat is lost, as well as any shaded aquatic habitat that
is present.

Special-status plants would be eliminated if present at the
water’s edge, on the bank, on the berm or levee slope within the
cut zone, or within construction clearing zones.

Bank-Fill Riprap. With this method, riparian habitat
loss is restricted to the zone between the water’s edge and the
top of fill placed against the eroding bank. Berm vegetation
may be retained if construction equipment is water-based, but
bank vegetation and shaded aquatic habitat are lost in propor-
tion to the height of the.fill and revetment, as described in
.the following section. Along the upper Sacramento River, .usual-
ly little or no vegetation is present in this bank zone because
it has been eliminated by bank erosion. Along the lower river,
however, thebank zone may be heavily vegetated, either because
erosion cutfaces are quite low or because heavily vegetated berm
materials are gradually sloughing into the water’s edge.

Special-status plants would be eliminated if present at the
water’s edge, on the bank at least to the height of the fill, or
within construction clearing zones.

Effects of Different Fill and Revetment Heights.
Along the upper river at locations where streamflow velocities
are low, bank-fill and revetment may need only extend to the
Sustained high water line rather than the top of the bank. In
these cases, riparian habitat on the upper bank and throughout
the berm could be retained. However, low bank vegetation and
shaded aquatic habitat, if present, will be lost.

At bank protection sites along the upper river where veloc-
ities are moderate to high, bank-fill or bank-cut revetment must
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extend to the top of the bank, eliminating all riparian habitat
thereon. As noted earlier, the bank-cut method also eliminates
berm Vegetation.

Along the lower river, several bank-fill methods are avail-
able. Where erosion has encroached upon the levee, the fill
height must extend to the top of the erosion cutfaces on the
levee or to the sustained high water line, resulting in riparian
habitat loss to that elevation. Where a berm is present, the
fill and riparian habitat loss need extend only to the top of
the existing bank.

Where erosion cutfaces are low, as is the case with wave-
wash and windwave-induced erosion at the low water line, re-
vetted fill may possibly need only extend a few feet above the
low water line. In this case, only low bank vegetation must be
removed, unless the bank is so irregular that straightening is
necessary.    The latter would involve additional vegetation
removal from the bank.

All bank-fill methods have the effect of displacing the
shoreline outward, eliminating shading of the aquatic zone by
vegetation on the berm at the top of the bank or by vegetation
on the upper bank that remains intact where low fills are used.
This effect is least., but still significant, with the low-fill
method. It can be further reduced by using a gabion cap to
steepen the above-water portion of the low revetment, which then
maximizes, but does not completely preserve, shaded aquatic
habitat.    Replanting, or allowing natural regrowth of bank
vegetation removed for bank straightening or gabion installa-
tion, would be needed to achieve the desired aquatic shading
effect.

~e~etation in Revetment. As described in Chapter 3,
"Alternative Methods of Bank Protection," several techniques in
the experimental stages may eventually allow the purposeful
introduction of vegetation into revetments. Use of these tech-
niques in connection with the riprap methods described above
would not preserve native.ripari~an habitat but could provide a
reduction inthe net loss. In reaches where riparian habitat is
Currently scarce, this effect could be very important.

Berm Restoration.    Berm restoration may ~be used on the
lower river and sloughs to provide levee protection and to
expand riparian habitat in areas of scarcity. This would in-
volve bank fill with revetment to the top of the bank, thereby
~eliminating bank vegetation and shaded aquatic habitat. Depend-
ing on the width of the berm to be restored, .and the success of
establishing woody vegetation on the new berm, this method could.
result in a net gain of riparian habitat.
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Flow Modification Methods

Palisades. No direct disturbance or loss of terres-
trial habitats and vegetation is required under this experimen-
tal method. This is the only potentially feasible bank pro-
tection method that could preserve both riparian and shaded
aquatic habitat without immediate loss. Freshwater marsh vege-
tation adjacent to the bank could be disturbed, but it is gener-
ally not present at eroding sites above Colusa where this method
may be applicable.

Sediment deposition within a palisades installation over
time may tend to displace the shoreline away from the shading
bank vegetation, but such deposition would provide a substrate
for natural establishment of early successional woody riparian
species. New shading would thus be provided, and early suc-
cessional habitat would be created.

Material and equipment staging areas for loading of con-
struction barges may be located near the work site and require
some loss of riparian habitat, but, in general, such loss can be
avoided by appropriate choice of staging area.

Other Experimental Flow Modifications.    Impacts of
other permeable and impermeable groins or of other flow modifi-
cations would be similar to those of the palisade method.

Mitigation.Techniques for. ve.~eta~ion Impacts

Loss of riparian habitat are mitigated in two steps. The
first step involves avoidance or minimization of significant
impacts through choice of bank protection method or ~special
design modifications to protect important riparian habitat that
may be present at individual work sites. The environmentally
superior scenario described in Chapter 4 is comprised of such
methods.. The second step involves rectification or compensation~
for unavoidable, significant loss of riparian habitat.    The
degree of action taken under each subsequent step can be deter-
mined through the use of objective mitigation formulae, such as
the USFWS Habitat Evaluation Procedure. Since such formulae
assign relative values to avoidance, rectification, and compen-
sation techniques, costs can be compared and the least-cost
fully-mitigating techniques can be chosen.

Mitigation Measures to Avoid or Minimize Significant Im-
pacts to Riparian Habitat. The following mitigation measures
for impact avoidance and minimization have been incorporated by
COE into bank project designs at individual work sites in. recent
years:

.o using methods that avoid cutting into berms by placing
fill against eroding banks, including low rock berm
restoration; and
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O establishing a select clearing zone in which specific
trees are saved where practical.

Additional measures described in this report for sites
where feasible include:

o reducing revetment heights where only low water surface
erosion has occurred, or where the sustained high water
elevation is below the top of the bank, and

o employing flow modification methods such as palisades,
inthe river above Colusa, where use of such experi-
mental methods can be justified.

Mitigation Measures to Rectify or Compensate for Si@nifi-
cant Unavoidable Losses of Riparian Habitat. Techniques are
available to rectify habitat losses or to compensate offsite for
losses when bank protection projects have unavoidable impacts.
The selection of particular measures for a site depends upon
several factors, including the mitigation goal, acreage and
value of habitat lost, the amount of edge habitat eliminated,
practicality, effectiveness, cost, and other concerns of re-
source agencies.

Rectification and compensation mitigation measures are only
effective at reducing unavoidable significant impacts, to less-
than-significant levels if: I) mitigation sites are ensured
permanent protection from activities that degrade riparian
habitat or remove vegetation; 2) revegetation attempts are
successful in the long term; and 3) the full value of lost
resources is recovered as measured by objective compensation
formulae.

Rectification.    Rectification denotes the onsite
repair, rehabilitation, or restoration of habitat degraded by
bank protection.    Revegetation techniques and guidelines are
available for river banks, berms, levee slopes, and revetted .
slopes, using native trees, shrubs, and herbs ~The Reclamation
Board 1987a, Aqua Resources 1986, Whitlow et al. 1979).

Rectification can partially mitigate for the elimination of
woody riparian habitat and shaded aquatic habitat, but revege-
tation of revetted slopes cannot fully mitigate for habitat
eliminated. Revegetated, riprapped slopes do not provide full
replacement value for lost habitat because: i) natural revege-
tation of revetment slopes is slow, and not all native species
are capable of coloniziqg the harsh riprap ~habitat, and 2)
current levee and revetment maintenance policy does not permit
the development of the valuable dense riparian vegetation typi-
cal of natural river banks. Use of the newly recommended "Guide
for Vegetation on Project Levees" (The Reclamation Board 1987a),
while more permissive than past guidelines, would not permit
dense vegetation to develop either.
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Berm restoration can increase the amount of habitat avail-
able for rectification mitigation. The planting of new, low
berms protected by adjacent revetted slopes could be considered
to both rectify the loss of shaded aquatic habitats and to
compensate for earlier losses of woody riparian habitat.

Compensation. Compensation mitigation is used when
full mitigation is not obtainable at the site where the losses
occur. Compensation can consist of protecting existing riparian
habitat that is threatened with conversion to another use, or
acquiring suitable riparian habitat devoid of vegetation and
enhancing it with revegetation. Protecting a previously unpro-
tected stand of existing riparian vegetation does not fully
compensate for a loss of an equal acreage of riparian habitat
elsewhere, but enhancing a site using revegetation increases its
value and can provide full compensation if revegetation is
successful.

USFWS and DFG recommend that compensation sites be located
as closely as possible to the site where habitat or vegetation
was eliminated. This helps to maintain the existing continuity
of riparian vegetation along the waterways. Berm restoration in
reaches of scarce riparian vegetation can be used for compensa-
tion of losses from earlier bank protection work.

~.iti~ation Measures for Riprap Maintenance Impacts. The
impacts of levee and riprap maintenance on the reestablishment
of riparian vegetation can be reduced by relaxing maintenance
standards and planting or permitting some vegetation to reestab-
lish on levees and revetment. Woody vegetation on riprap and

levees increases the effort required to inspect and repair them,
but the extra cost may be justified by the value of resource
enhancement obtained.

The Reclamation Board’s (1987a) "Guide For Vegetation on
Levees" identified suitable species and provides spatial stan-
dards that recognize inspection requirements and protect levee
integrity. Aqua Resources (1986) provided recommendations for
planting through revetted .slopes; Whitlow et al. (1979, 1980)
have developed methods and identified species suitable for
planting on unrevetted levee slopes.

Vegetation growth on riprap and levees is often controlled
with fire. Frequent fire promotes the development of low diver-
sity, herbaceous vegetation ,dominated by horsetails and other
fire-tolerant species. Reduction of fire use could favor the
development of more diverse, natural riparian habitat. Costs
would be incurred where such natural growth exceeds the recom-
mended spatial standards for inspection, and thinning is re-
quired.

As a part of formal consultation with USFWS regarding work
in the Butte Basin Reach (Work Unit 40B), COE has agreed to
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Study the need for removal of revetment vegetation as a "reason-
able and prudent alternative" (see COE 1987a).

Miti@ation Measures for Impacts to Special-Status Plant
Species. Impacts to special-status plant populations may be
avoided by using flow modification or by modifying the location
of bank protection installations.    Avoidance of populations
occupying river banks below the City of Colusa is not feasible,
because none of the bank protection alternatives identified for
~his reach allows complete retention of shoreline habitats.

Where avoidance or impact minimization are not feasible,
rectification or compensation measures could be employed. Sites
of eliminated plant populations can possibly be restored and
revegetated with the special-status species (rectification), but
the feasibility of such an approach is questionable. Compen-
sation could involve the protection and enhancement of an exist-
ing population or planting of a new population in a suitable
habitat offsite.    Altogether, rectification and compensation
must fully replace in-kind habitat values to reduce impacts to
less-than-significant levels.

Mitigation Measures for Soil Disturbance and Compaction
During Construction. Following construction, soils could be
stabilized by revegetation with herbaceous species (Aqua Re-
sources 1986), preferably natives. Compacted soils could~ be
disced to ensure the success of artificial and natural revege-
ration.

Mitigation Measures for Reduction of..Early Successional
Habitat. The use of flow modification methods in the river
above Colusa can be possibly used to generate new sediment
deposits at the water,s edge. This would provide habitat for
early successional vegetation including herbs, shrubs, alders,
willows, and cottonwoods. Along the lower river, restoration of
low berms protected by revetment at suitable sites may provide a
seasonally inundated habitat available for natural colonization
and riparian succession.

Mitigation Measures to Prevent Land Use Conversion. In
areas where bank protection significantly increases the likeli-
hood of conversion of riparian habitat to agriculture or o~her

the habitat could be establish-uses, permanently protected by
ment of conservation easements or by purchase of fee title; see
"Land Use" below.

Wildlife

Relationship of Wildlife Impacts to Vegetation Impacts

Bank protection work affects wildlife communities by reduc-
ing the unique cover, forage, and nesting habitats provided by
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riparian vegetation.    The previous section of this chapter
described vegetation impacts of the various bank protection
methods. In general, wildlife impacts are closely related to
the amount and type of vegetation removed.    Because of its
scarcity, any reduction in riparian habitat along the Sacramento
River is considered to have a significant impact on riparian-
dependent wildlife.

Of the various bank protection methods, rock revetment has
the highest impact on the wildlife communities because the most
habitat is removed. The bank-cut riprap method presents the
highest impact, and the bank-fill riprap method the least,
according to the amount of vegetation removed. Flow modifica-
tion alternatives would have by far the least impact because
little or~no riparian vegetation would be removed. Berm resto-
ration and vegetation in revetment methods would reduce wildlife
impacts because of regrowth provisions.

Although the wildlife impacts of bank~protection work are
generally related to the amount of vegetation removed, a dispro-

.portionate impact may result where remnant riparian forests are
reduced below the threshold size and diversity needed by some
species. The yellow-billed cuckoo is particularly sensitive to
this type of impact.

Bank protection work also magnifies impacts to wildlife
when it creates or enlarges discontinuities in the riparian
corridor along waterways. Many small mammals seldom move across
open fields or roads, and clearcut gaps can form effective
barriers to dispersal (Henderson et al. 1985, Yahnor 1983, Mader
1984, Wegner and Merriam 1979). Many small birds also find open
fields barriers to movement; Wegner and Merriam (1979) found
that several small bird species, including vireos, orioles and
tanagers, only rarely crossed open fields, and that a lack of
well-vegetated corridors between fields prevented some species
from foraging at certain sites. In many of these cases, the
species moved freely along corridors of brushy vegetation or
tree rows.

The size of riparian trees, rather than the extent of
riparian habitat, determines the magnitude of vegetation removal
impact to some species. Because Swainson’s hawk is dependent
upon the presence of tall (>40 foot) riparian trees, removal of
low-growing vegetation does not affect the suitability of a site
for Swainson’s hawk occupancy. If, however, the regeneration of
tall-growing riparian species is prevented, Swainson’s hawk
habitat will be diminished over the long term.

Effects on Special-Status Wildlife Species

Depending on final work sites selected, the proposed bank
protection work could possibly affect four special-status wild-
life species:    Swainson’s hawk, yellow-billed cuckoo~ bank
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swallow, and valley elderberry longhorn beetle. A fifth spe-
cies, the giant garter snake would probably not be affected, as
discussed below.~ Probabilities of impact as discussed below are
based on reconnaissance field surveys of the tentatively iden-
tified bank protection sites. These data are summarized in
Table 4-5 in Chapter 4, "Comparison of Impacts of the Alterna-
tives," and Table 6-7 of Chapter 6, "Affected Environment."

Swainson’s Hawk. A DFG Swainson’s hawk survey identified
the area between Sacramento and Knight’s Landing as having the
highest density of nesting birds (Schlorff pers. comm.). Nearly
all priority erosion sites in this section of river have tall
trees suitable for Swainson’s hawk nesting near the riverbank.
Moreover, about 70 percent of the proposed work sites throughout
the entire SRBPP area, including all of the Feather River sites,
have potential nesting trees. As tentatively proposed, bank
protection would be constructed at four sites where Swainson’s
hawks have been documented nesting over the last 4 years and at
another four sites near where the birds were sighted and were
probably nesting.

Several types of significant impacts on Swainson’s hawk
nesting can be identified:

I) loss of a documented or occupied nesting tree;

2) loss. or degradation of tall woody riparian vegetation
surrounding a documented nesting tree;

3) disturbance to an adjacent occupied nest;

4) loss of suitable habitat in areas known to be occupied,
but where nest sites have not been located; and

5) loss of mature riparian trees that are suitable for
Swainson’s hawk nesting but are presently not known to
be occupied.

Bank-fill riprap and flow modification offer the possibil-
ity of saving this habitat, if construction clearing losses can
be avoided through barge access or select clearing.

Yellow-Billed Cuckoo. About 40 percent of the tentatively
identified work sites along the middle and upper river appear to
have habitat that is suitable for nesting by the yellow-billed
cuckoo. Cuckoos have been seen in the vicinity of two of these
sites (NDDB 1985). This species is adversely affected by the
removal of large cottonwoods and willow-cottonwood thickets, and
by inhibited development of early successional habitat (e.g., on
point bars) along the river. Rip~ap bank protection methods
involving loss of occupied habitat would be significant. Loss
of any portion of a block of suitable habitat larger than 25
acres in area would be considered potentially significant.
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Bank Swallow. None of the known bank swallow colonies
within the SRBPP area are at sites where levee erosion is immi-
nent or bank protection is tentatively proposed. Thus, direct
loss of occupied habitat as a result of the proposed project is
not expected.

Two colonies, however, are within 500 feet of sites along
the middle river. These colonies, containing about 200 breeding
pairs (i percent of all breeding pairs on the Sacramento River),
could be adversely affected if proposed bank protection were
extended to these sites and eliminated them, or if the adjacent
disturbance led to nesting failure. Either would be a signifi-
cant impact.

Loss of unoccupied, suitable bank swallow habitat is poten-
tially significant. Areas identified during preparation of this
report as having potentially suitable bank swallow habitat
should be evaluated in more detail when current DFG studies of
swallow nesting habitat are completed. Loss of these areas
could be significant if: i) the habitat conforms to bank swallow
needs as determined by the DFG studies, 2) few other suitable
sites occur in the area, and 3) nearby occupied sites are al-
ready scheduled for bank protection.

Long-term stabilization of the river by bank protection
measures would gradually reduce the amount of bank habitat
available. This has already occurred in certain reaches where
meandering has been virtually arrested, as between Colusa and
Knights Landing on the middle reach. The river is no longer
depositing material that it may later cut through to create
vertical banks for bank swallow colonization. This is a signif-
¯ icant cumulative effect of this project and other bank pro-
tection work.

Above Colusa, where the levees are set back, the erosion-
deposition process appears to be largely continuing. In this
reach, where most bank swallow colonies within the project area
are found, it appears that the total amount of suitable bank
swallow habitat will be maintained by these fluvial processes.
Although some suitable bank swallow habitat may be eliminated by
bank protection at specific sites where erosion threatens
levees, adequate habitat to maintain the existing population
should persist along eroding berms not subject to bank pro-
tection.

All feasible riprap methods of bank protection would cause
direct elimination of bank swallow colonies or habitat if they
are present. Unfortunately, alternative bank protection methods
that avoid direct disturbance would not avoid impacts to bank
swallows over the long term. The reduction in flow velocity and
erosion resulting from placement of palisades, for example,
probably will cause treated sites to become completely unsuit-
able after a few years as sloughed bank materials accumulate and
vegetation cover and density increases.
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Swallows have continued to use the Woodson Bridge palisades
site in the first year following construction. The colony size
is only about one third of its preconstruction size, and the
palisades appear to be already changing the character of the
eroding banks. Some sloughing is occurring, and vegetation is
beginning to grow on the bank. Gopher snakes, which prey on
bank swallow eggs and young, also have been noted on the site in
this first year following construction (Schlorff pers. comm.).

Valley Elderberry Longhorn Approximately per-Beetle. 3O
cent of the tentatively identified work sites have elderberry
plants, usually on the landward side of narrow high terrace
strips of riparian vegetation. Elderberries are scattered along
the lower river, but are common at tentatively identified sites
along the middle and upper river above Sacramento and the Feath-
er River. The elderberries are presumed to constitute suitable
habitat for the federally listed and protected beetle.

Bank-cut riprap bank protection work would typically remove
half of the but bank-fill riprap or flow modifica-over plants,

tion could avoid disturbance to those plants present at proposed
work sites. Losses of elderberries along the river are con-
sidered significant by USFWS and require mitigation.

Giant Garter Snake. None of the tentatively identified
bank protection sites ~s a known giant garter snake habitat, but
nine of the work locations downstream of Sacramento have habitat
that appears to be marginally suitable. All bank protection
methods, except low fill, would eliminate the needed habitat
conditions, but marginal nature of the existing habitat renders
this impact less than significant.

Mitigation Techniques for Wildlife Impacts

General Wildlife Impact Mitigation. As described in the
section of this the ofvegetation mitigation chapter, impacts

the proposed bank protection work can be mitigated through the
use of environmentally superior bank protection methods in
combination with compensation at nearby sites. Berm protection
(bank-fill riprap), berm restoration, or flow modification,
including palisades, are preferable wherever feasible due to the
substantial amounts of riparian habitat these techniques can
protect. These measures can prevent significant reductions in
general wildlife populations at specific bank protection sites.

Special-Status Species Impact Mitigation. To minimize
impacts to special-status wildlife species, special emphasis
should be placed on saving woody riparian vegetation in general
(yellow~billed cuckoo habitat); tall-valley oak, cottonwood, and
sycamore trees (potential Swainson’s hawk nest trees); and
elderberry plants (potential valley elderberry longhorn beetle
habitat). Where habitat removal is unavoidable, compensation
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may offset impacts to less-than-significant levels, but this is
species-dependent.

Swainson’s Hawk. Potential loss of an occupied nest-
ing tree can be mitigated only by avoiding the tree through the
choice of bank protection method (e.g., bank-fill riprap or flow
modification) and construction practice (e.g., barge access or
select clearing). In some areas, it is unknown whether proposed
bank protection sites with potentially suitable nesting trees
are used by nesting birds. Surveys could be conducted at these
sites to determine nesting status. Removal of adjacent vege-
tation can reduce wind protection and shading at a nest site,
which can reduce the quality of the nesting habitat (USFWS
1986b, Schlorff and Bloom 1984); thus, tall vegetation adjacent
to occupied and suitable nest trees should be retained if feasi-
ble.

Clearing of vegetation around nest sites should be min-
imized but, when necessary, should be timed so as not to disturb
nesting activities. No disturbance should occur within 0.25-0.5
mi of an occupied nest from about April 15 to July 15. Nests
near project sites should be monitored following construction to
determine if the habitat remains occupied.

Loss of unoccupied, potential nesting trees should be fully
compensated by revegetating a nearby site with fast- and
tall-growing species wherever possible.    This will help to
maintain suitable nesting habitat along the river corridor.
Avoidable loss of an occupied or documented nest tree cannot be
fully mitigated, but the revegetation noted above could be
performed at several nearby sites to partially compensate for
the loss.

Yellow-Billed Cuckoo.    The unavoidable removal of
occupied habitat (i.e., portions of large stands of riparian
forests with willow thickets)    cannot be mitigated to
less-than-significant levels over the near term. Over the long
term, revegetation of nearby unvegetated areas could fully
compensate if the near-term cuckoo population remains viable.
Compensation for near-term losses should also include protection
of offsite threatened habitats suitable for cuckoo nesting
(i.e., greater than 25 ac in size).

Removal of suitable, unoccupied habitat also would be a
significant impact. Mitigation options for these sites include
revegetation and protection of adjacent unprotected habitat and
offsite compensation. Offsite compensation may be preferable in
certain cases to mitigate for loss of unoccupied habitat be-
cause: I) the disturbed habitat may be unoccupied because it is
not suitable, for some unknown reason, and 2) enhancement else-
where may be most beneficial if applied to occupied areas or
areas adjacent to existing occupied sites.
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Bank Swallow.     The disturbance of nearby DFG-
documented bank swallow colonies from construction of any bank
protection should be avoided through work site and staging area
adjustment, seasonal work.restrictions, or other feasible means.
No disturbance should occur within 0.25 mi of an occupied colony
during the nesting season from about April I0 to August I.

Direct disturbance of existing, or formerly occupied,
intact colony sites should be avoided wherever possible. If
treatment of occupied sites or suitable habitat is unavoidable,
flow modification methods should be used wherever feasible. If
no feasible means exist to avoid an occupied site, construction
should be delayed until after the nesting period ends (about
August I). Offsite mitigation should be implemented if suitable
habitat (as defined by the DFG studies during 1987) is scarce in
the vicinity.

Offsite mitigation could involve construction of artificial
banks near the destroyed site. This would be an experimental
technique and would have to be monitored to determine its effec-
tiveness. Mitigation measures are not expected to fully offset
all impacts to bank swallows. Flow modification methods (e.g.,
palisades) are beneficial by partially protecting suitable
colony sites in the short term, but ultimately they will create
unsuitable conditions, as described earlier.

Valley Elderberry Longhorn Beetle. Mitigation mea-
sures for the federally listed valley elderberry longhorn beetle
were identified in two USFWS Biological Opinions, one dated
November 7, 1985 for work within the leveed project area up-
stream to RM 176 Left and RM 184 Right (Blum pers. comm.), and
one dated May 19, 1987 for work within the unleveed Butte Basin
Reach. COE is proceeding in strict compliance with these two
directives, as described in SEIS III/EIR (COE 1987a).

Mitigation by avoidance can be achieved by use of bank-fill
riprap and flow modification methods. Losses of elderberry
shrubs may occur where only bank-cut riprap methods are feasi-
ble; "incidental take" prowisions allowing legal removal by COE
have been established by USFWS. These restrictions apply only
to sites below RM 176 Left/184 Right. Permitted actions include
I) unlimited removal of shrubs less than 3 inches in diameter,
and 2) removal of up to I00 shrubs greater than 3 inches in
diameter for the remaining SRBPP authorization.

Elderberries greater than 3 inches in diameter that are
removed under the incidental-take provision are to be used for
onsite propagation in adjacent undisturbed areas. Propagation
could include partial burial of stumps or trunks in disturbed or
cleared areas to facilitate root establishment. Numbers of
larger elderberries removed must be recorded during various
projects.included within the USFWS opinion to determine if the
100-plant limit is exceeded. Annual written reports summarizing
project losses are submitted to USFWS. If the 100-plant limit
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is reached, operations that could remove additional plants must
stop, and the USFWS Sacramento Endangered Species Office must be
contacted for technical assistance and to reinitiate consulta-
tion.

In addition, COE and The Reclamation Board propose to use
elderberries in routine revegetation programs. They will also
conduct pre- and postproject monitoring at all project sites to
evaluate the effectiveness of vegetation protection and restora-
tion practices.

Fisheries

~mpacts of Bank Protection Methods

Fishery impacts from rock revetment and flow modification
bank protection methods are examined separately below.

Rock Revetment Methods. With one exception, only rock
revetment has been used in the SRBPP area to date. Fishery
impacts are and will continue to be significant. Impacts of
standard rock revetment are considered first in the analysis
that follows.

Chinook Salmon S~awni~g.    Standard rock revetment
(bank-cut riprap) can affect salmon spawning through direct,
construction-related impacts and long-term, secondary impacts.
Direct impacts can include destructive siltation of spawned egg
deposits, or "redds," at or downstream from work sites if con-
struction occurs during the spawning and incubation season.
Secondary impacts of bank stabilization can include reduction in
gravel recruitment by stopping lateral bank erosion. Chinook
salmon spawning within the entire SRBPP project area (RM 0-194),
however, is only about 3 percent of spawning in the entire
Sacramento River due to natural scarcity of spawning gravels;
less than 1 percent is downstream of RM 177 and the unleveed
Butte Basin Reach.

USFWS studies conducted adjacent to bank protection sites
(Michny 1983; USFWS 1984c, 1985b) document the potential for
construction-related sedimentation of salmon spawning areas.
The deleterious effects of sedimentation on anadromous fish are
well documented (see Michny 1983 for a thorough literature
review). The most harmful effect is the reduction in oxygen
supply to developing eggs, alevins (very young salmon), and fry
due to fine sediments. Fine sediments increase in downstream
gravel beds following construction activities (Michny 1983;
USFWS 1984c, 1985b).

Small reductions in salmon production can be expected in
spawning areas located up to 0.5-mile downstream of construction
sites immediately following construction of bank protection.
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This reduction is less than significant because of the limited
availability and use of spawning habitat within the project
area. No bank protection is proposed upstream of RM 168 at
Butte City.

The source of spawning gravels in the Sacramento River is
from ba~ erosion. DWR and COE agree that 85 percent of avail-
able spawning gravel comes from bank erosion in the Chico Land-
ing to Red Bluff reach; the remainder comes from tributaries
(DWR 1984; Vanoni 1986). The importance of suitable spawning
gravels to salmonid productivity cannot be overstated, regard-
less of the source of spawning gravels.

DWR (1984) identified two stream reaches with high levels
of bank erosion in the upper reach of the project area (RM
143.5-151.5 and RM 155-176); gravels eroded from these reaches
may contribute to spawning gravels downstream, but DWR (1984)
reported no measurable spawning gravels downstream of RM 205.
The relative contribution of gravels from these two reaches, or
from tentatively, identified project sites, to the total amount
of available spawning gravels in the project area is very minor
but unknown.    The low number of salmon spawning below these
reaches, and the poor quality or lack of existing gravels there,
preclude significant impacts from losses of gravel availability
in the project area below RM 194.

andChinook Salmon Rearing    . Migration.    In general,
channel modification and bank stabilization have been found to
be deleterious to aquatic habitat and fauna in several .river
systems (see Stern and Stern 1980a,b for reviews). Bank stabi-
lization decreases species diversity ~and densities of juvenile
and larval fishes when compared to natural banks (Hjort et al.
1984; Li et al. 1984). This is due primarily to the removal of
nearshore cover and the prevention of cover recruitment in the
form of trees, limbs, logs, and root masses from continued
erosion. Habitat diversity provided by instream debris is lost.

River hydraulics can also change as bank stabilization
restricts stream meandering.(Stern and Stern 1980a). Streambank
protection projects can depth velocity con-create uniform and
ditions,~ thereby decreasing hydraulic and habitat diversity for
fish (Henderson and Shields 1984). Streamflow velocities may
increase, creating downcutting which,~ in turn, increases depth
(Stern and Stern 1980a). Shallow, slow velocity habitat pre-
ferred by many fish, especially salmon fry, is lost.

Construction activities temporarily, increase loads of
suspended solids, sedimentation, and turbidity downstream of
construction sites. Sedimentation and turbidity can influence
fish behavior, fish feeding and growth rates, primary productiv-
ity, and zooplankton and benthic invertebrate productivity
(Lloyd et al. 1987). Construction impacts arising from channel
dredging or the filling of banks with small-sized compacted
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substrates, are temporally and spatially restricted, and are not
considered to be significant, especially over the long term.

Fish will avoid direct mortality from turbidity by moving
to unaffected areas; avoidance of turbid water by salmonids has
been corroborated in several studies (Sumner and Smith 1940;
Bisson and Bilby 1982; Whitman et al. 1982). Other indirect
impacts to fishes from reduced productivity of food sources will
be less than significant. Impacts are expected to be less than
significant even if turbidity and settleable solids standards
established by the Central Valley Regional Water Quality Control
Board (RWQCB) for the SRBPP are exceeded for a short period of
time (several days) during construction of bank protection..

¯ Five field studies have been conducted on the Sacramento
River (RM 191-24~) to determine relationships between juvenile
chinook salmon abundance and various configurations of rock
revetment banks and natural, eroding banks (Schaffter et al.
1983; Michny and Hampton 1984; Michny 1986 a,b; Michny and
Deibel 1986). The studies were generally confined to outside
river bends.    Relative abundance indices were calculated for
each study (Table 7-1).

Salmon abundance was generally greater at natural banks,
especially when riparian vegetation was present.    Juvenile
populations were more stable through .time at natural banks as
well (Michny and Deibel 1986). Riprap~had the lowest numbers of
salmon, except in RM 240-242 in 1983. Salmon abundance was
5-25 times greater at natural banks than at riprap banks during
1984-86. Snorkeling surveys verified disparities in juvenile
abundance.between these bank types.

Several hypotheses could explain differences in juvenile
abundance between natural eroding and riprap banks (Michny and
Deibel 1986). Each hypothesis is related to juvenile salmon-
microhabitat preferences and the available microhabitat condi-
tions in nearshore areas.

The most plausible and~simplest explanation is the signifi-
cant differences in available cover and habitat diversity (com-
plexity) between natural and riprap banks. Salmon concentrate
near cover along both natural and riprap banks. Cover, in
tandem with suitable water ~velocities and other microhabitat
parameters, is the most important component of salmon rearing

~habitat. In-water woody debris extends cover through the water
column and provides greater rearing habitat per unit area; fish
are not limited to the bottom layer of water adjacent to the
substrate. Bank stabilization with riprap eliminates available
cover as well as the source of the cover; direct input of trees,
rootwads, and other woody debris from bank erosion is eliminat-
ed.

Differences in salmon abundance between bank types may also
be caused by flow velocity changes adjacent to riprap substrates
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Table 7-1. Relative Abundance Indices for Juvenile Chinook Salmon

Year and (River Mile)

1986          1985          1984                      1983
Bank Type                         (240-242)     (219) (230-242) (240-242) (193-194) (240-242) (219-222) (191-198)

Natural Eroding ......... 0.98 M __

Natural Eroding Riparian 1.00 1.00 1.00 1.00 1.00 .... 1.00

Natural Eroding Denuded -- 0.50 0.51 m __ m 1.00 m

Natural Eroding Herbaceous ~ 0.43 -- 0.50 0.77 .....

Riprap 0.19 0.13 0.07 0.04 0.12 1.00 0.24 0.26

Riprap with 5:1 Fish
Rearing Slope 0.52 ~ 0.28 ......

Gravel-Covered Riprap 0.98 ~ ¯ ...........

Notes: Data Sources: Michny (1986a, b), Michny and Deibel (1986), Michny and Hampton (1984), Schaffter
et al. (1983).

Values for 1983 sampling are averages of mean ratios calculated per second electrofished and per
30.5 m section between natural bank and riprap habitats.



(Michny and Deibel 1986). Flows over silt, sand, or gravel bars
characteristically increase rapidly with distance above the
stream bottom. In contrast, flows over riprap are quite turbu-
lent, and velocity is reduced for 1-2 feet above the substrate
of large dimension quarry rock substrate.    Juvenile salmon
prefer discrete velocity transitions where they can be close to
cover in low flow locations and move only short distances to
feed on drift organisms in nearby higher velocity flows.

Juvenile fish face several foraging problems in riprapped
areas (Michny and Deibel 1986):

o they must rise a longer distance through the water
column to reach efficient feeding flows;

o turbulent flows reduce feeding efficiency;

o extra energy is expended to obtain food items; and

o fish are subject to predation for longer periods as they
move up and down through the water column to feed.

Observations that juvenile salmon appear to favor older
riprap sites to recently revetted sites (Michny and Deibel 1986)
may partially support this hypothesis. Interstitial spaces at
older riprap sites partially or totally fill with silt and may
reduce microhabitat variability found over natural substrates.

Another factor influencing juvenile salmon densities is
competition and predation. Salmonid streams historically have
exhibited low fish species diversities; interspecies competition
and predation have not been major factors determining salmonid

’abundance in unaltered streams. Prickly sculpin and juvenile
(4-7 in) Sacramento squawfish are present along riprap banks in
high numbers (Michny pers. comm.). These species may compete
with juvenile salmon for food and space. Adult squawfish and
sculpin may prey directly upon young salmon as well. Other
potential competitors and predators that were observed to be
more abundant at riprap sites include largemouth bass,
smallmouth bass, and green sunfish. The amount of such pre-
dation and competition is unknown.

Differences in food production between bank types could
also influence juvenile salmon densities. Schaffter et al.
(1983) found no statistically significant differences in inver-
tebrate drift below riprap and natural banks. These results are
inconclusive, however, because the entire river width was sam-
pled instead of only the immediate area adjacent to the bank
under study. Consequently, the effects of riprap on food pro-
duction remain unknown.

Whether reduced salmon abundance along riprapped banks
occurs at banks other than those on outside bends has not been
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demonstrated; differences in sampling efficiencies between
habitat types preclude collection of comparable data. Because
natural banks clearly provide significantly greater habitat
quality and diversity than riprapped banks, it is concluded that
natural banks, regardless of their location in the river, sup-
port greater numbers of juvenile salmon than riprapped banks.

Rearing habitat for juvenile salmon, and resting and feed-
ing areas for downstream migrants, will be reduced may riprap is
used for bank As a result, juveniles may con-protection.
centrate in remaining areas, possibly increasing predation,
interspecific competition, and disease. Data from studies in
and beyond the uppermost project reach clearly indicate less use
of riprapped sites compared to natural streambanks supporting a
variety of vegetation communities, although these data are
insufficient to estimate the number of salmon that would be lost
by using riprap at all sites currently proposed for bank pro-
tection. We conclude, nonetheless, that this habitat reduction
could reduce the numbers of adult salmon both in the ocean and
returning upriver to spawn. Thus, use of riprap at a substan-
tial number of the proposed bank protection sites could cause a
significant adverse effect on the chinook salmon fishery.

SEIS III/EIR on bank protection within the Butte Basin
Reach provides additional information on studies to clarify
impacts on salmon (COE 1987a).

Other Species. Fish species diversity has been found
to be significantly greater at riprap banks, compared to natural
banks (Schaffter et al. 1983). Centrarchids (green sunfish,
bluegill, smallmouth bass, and tule perch) were found primarily
along riprap banks, and Sacramento squawfish, prickly sculpin,
and threespine stickleback were more abundant at riprap banks"
(Table 7-2). Michny and Hampton (1984) also found an increased
abundance of Sacramento squawfish and prickly sculpin at riprap
banks. Juvenile Sacramento squawfish in particular preferred
riprap banks. Bluegill, goldfish, redear sunfish, and small-
mouth bass were found exclusively at riprap banks (Schaffter et
al. 1983). American shad and threadfin shad, however, were
found exclusively at natural banks. A slightly greater number
of juvenile steelhead/rainbow trout were found at riprap banks.

Larger areas of low velocity water created by the large
dimension rock used in riprap may explain the greater species
diversity at riprap banks. Centrarchids, goldfish, and juvenile
Sacramento squawfish, in particular, prefer low velocity habi-
tats. Riprap interstices provide favorable cover for many of
these species as well.

Sturgeon, striped bass, and American shad abundance is
limited where bank comparison studies have been conducted.
Consequently, the impacts of bank protection on these species
are still relatively unknown.
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Table 7-2. Fish Abundance (Excluding Salmon) by Bank Type

Riprap          Natura 1
Species                     Bank             Bank

American Shad                        0                1                    I

Threadfin Shad                      0                7

Steelhead/Rainbow Trout          20                14                    I

Carp                                 4                2

Goldfish                              3                0                    D

Hardhead                              14                18                    ~I

Hitch                                   1                 4

Sacramento Squawfish             218              159                     I

Sacramento Sucker                 224              262

White Catfish                        4                1                    l

Threespine Stickleback            26                 9                     l

Green Sunfish                       42                 8

5                0                    IBluegill

Redear Sunfish                      2                0

Largemouth Bass                      3                 1                     l

Smallmouth Bass                    19                0

Tule Perch                         148               88

Prickly Sculpin                   119               48                    ~

Notes: I. Data summarized from Schaffter et al. (1983).
2. Natural bank areas were sampled 8.5 and 2.7 percent

less than riprap areas, based on electrofishing
seconds and length of bank sampled, respectively.
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Relative Effects of Bank-Fill Riprap. Several config-
urations of bank-fill revetment are available as alternatives to
bank-cut riprap. These alternatives will generally have initial
impacts on fishery resources similar to those described above.
Even under the low riprap configurations, .nearshore habitat
would be riprap (or gabion) except at high flows. The low
riprap configuration would allow for more shading of nearshore
habitat because fewer bank trees would be removed; while this
prowides some benefit to the fishery, it does not increase the
key habitat element of submerged cover.

The low riprap alternatives could provide some significant
advantages over the long term. Vegetation growth and soil creep
would allow vegetation to overhang the top of the low revetment
and become partially submerged. To the degree that this condi-
tion was allowed to persist, instream cover and habitat diver-
sity would be partially restored.

Vegetation in Revetment. Since the loss of instream
cover is the most important impact to juvenile salmon habitat,
plantings among revetment rock would maintain habitat only if:

o plantings are close enough to the water’s edge to con-
tribute instream woody debris or to allow submergence of
root structures,

o plantings are adequately dense to contribute a signifi-
cant amount of woody debris,

o plantings are successful over the long term,

o fallen woody debris~is not removed, and

o an effective long-term vegetation management plan is
implemented to prevent future reductions of vegetation
from mortality in the absence of natural regeneration.

It is expected that some benefits could accrue from plantings
within revetment, but that.significantdegradation of juvenile
chinook salmon habitat would still result, especially over the
long term. The plantings may replace lost habitat over time,
but the short-term loss would be significant for many years
while the plantings age and grow.    For this reason, rock
revetment with plantings cannot be considered as providing full
mitigation of riprap bank protection at a project site.

The planting of revetment could nonetheless provide an
important benefit where accomplished in a reach currently devoid
of bank vegetation. The restoration of some instream cover
would reduce major habitat discontinuities that "inhibit now
juvenile rearing and migration.

Flow Modification Methods. Palisade bank stabilization is
currently under evaluation for fishery effects (Michny 1986c).
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Although the effectiveness of the palisades method as bank
protection has not yet .been determined, they may be a viable
alternative to rock revetment. As described earlier, submerged
woody debris is critically important fish habitat, and palisades
can preserve this resource. Thus, although supporting data are
not yet available, it is probable that the considerable impacts
of riprap methods would probably be reduced to less-than-
significant levels if palisade banks were installed.

Sedimentation of adjacent spawning areas and long-term
impacts, such as the cessation of natural erosional-depositional
processes and other changes to nearshore habitat, are potential
problems with palisade banks. Palisades undoubtedly will not
eliminate fishery impacts from bank stabilization, but they
offer the ability to maintain submerged woody debris and shading
riparian vegetation.

Miti@ation Techniques for Fishery Impacts

Rock Revetment. Compared to flow modification methods, all
rock revetment methods require extensive mitigation to provide
full replacement of lost aquatic habitat for juvenile salmon.
Much of the past mitigation efforts for fishery resources have
been unsuccessful, and full mitigation has never been achieved
or even approached.

Mitigation measures include substrate modification, pro-
vision of instream cover, and provision of shading overstory
cover. These measures do not have demonstrated feasibility.
Partial mitigation through substrate modification and provision
of shading overstory has been achieved at some earlier bank
protection sites, but provision of instream cover has not been
attempted.

Mitiga%ion to less-than-significant levels would require
theuse of all three of the following measures, which are appli-
cable to all project reaches, but which should vary according to
the preproject resource present:

Nearshore riprap could beSubstrate Modification.
modified to provide substrate suitable for juvenile salmon
rearing by placing 1-4 inch diameter rock over portions of the
riprap slope or by other experimental techniques. This rock
smooths the riprap surface and restores the flow velocity
changes essential to efficient feeding by juvenile salmon.
Partial mitigation also could be achieved by construction of
20-foot-wide rearing benches with 5 (horizontal) :i (vertical)
slopes within the normal 2:1 (or 3:1) revetted slope. To assure
availability of at least portiohs of the bench throughout
variations in the water surface elevation during the peak rear-
ing period (late winter and early spring), these benches can
also be configured to-slope longitudinally (i.e., parallel to
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the bank). To date, costs of such benches have been high, and
effectiveness has been disappointing.

Fish groins, rounded piles of rocks about 6 feet wide, are
experimental measures recently described by USFWS. Given the
limited success of previous mitigation, fish groins could be
installed at two sites and fish populations monitored for exper-
imental purposes.

Provision of Shading Overstory. Shading of nearshore
areas by bank tree canopy can be maximized through use of low
revetment where feasible or by planting of revetment. These
techniques have been discussed in detail in the "Vegetation"
portion of this chapter. Low revetment would allow the reten-
tion of some of the preproject.shading vegetation, and, ove~ the
long term, growth could restore shading to near preproject
levels. Plantings would provide no mitigation over the short
term; over the long term, beneficial shading could occur, but it
would never reach preproject conditions.

Provision of Instream Cover.    In different river
environments, dead trees have been tethered to or embedded into
the bank to provide submerged cover at low flows (Henderson and
Shields 1984). These experiments were intended to provide both
fishery hibitat and bank protection, and success has been vari-
able. Experience has shown that tree tethering is not effective
at providing cover without destroying the riprap sites.

For the SRBPP, such use would be for habitat purposes~only,
but extreme care would be necessary to assure that such material
was securely anchored and would not serve as a collection point
for debris jams, which could result in turbulence and levee
erosion. Accordingly, such measures should be considered exper-
imental until use at a limited number of noncritical sites indi-
cates otherwise.

Conclusion. Because mitigation measures do not have
demonstrated feasibility at this time, the use of all riprap
methods will have unavoidable significant effects on the salmon
fishery of the Sacramento River These effects besystem. can
reduced, but not to less-than-significant levels, by use of fish
rearing gravels and benches, and retention of as much shading
overstory as possible.

Offsite compensating mitigation (e.g., revegetation of
unvegetated low berms) could be used to counter the residual
unavoidable effects, once the maximum feasible mitigation is
provided at each site. Offsite compensation will not, however,
prevent the unavoidable degradation of fishery resources by
riprap bank protection.

Flow Modification Methods. Since flow modification methods
such as palisades are expected to result in less-than-
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significant impacts to fisheries, no mitigation measures are
needed.

Additional Mitigation Measures. Because impacts to salmon
spawning are considered less than significant in the project
area, no mitigation measures are required. Nonetheless, con-
struction-related impacts can easily be avoided almost entirely
by restricting in-water work to the period prior to initiation
of salmon spawning. The most effective and manageable means of
accomplishing this would be to set a deadline for completion of
all in-water construction.    Conditions become conducive to
successful spawning in November. Thus, as a general planning
guide, in-water work above the project levees could be completed
by November I. While fish may occasionally spawn earlier than
this date, their numbers would be small, and overall impacts
minor. Underwater areas excavated after October 21 could be
afforded stone protection within 48 hours.

Future mitigation of ongoing project impacts could involve
continuing efforts to develop and evaluate practical methods for
minimizing fishery habitat losses. These efforts could take two
forms: the use of alternative bank protection and mitigation
techniques, and the continued evaluation of the presently used
alternatives. Both could include an evaluation of their bank
protection feasibility and their habitat impacts. Monitoring
studies could be employed at a minimum of two sites where each
type of mitigation is conducted, and pre- and postproject data
could be collected at each selected site. Studies could be
conducted on a scale similar to that of previous USFWS juvenile
salmon studies.

Land Use

Impacts of Bank Protection Methods

The predominant agricultural use and scattered urban land
uses along the project waterways would not be directly affected
by the proposed bank protection work, except, that flood protec-
tion by the existing levee system would be perpetuated. The
only direct land use change attributable to the proposed ~bank
protection work would be the conversion of thin strips of rem-
nant riparian vegetation along the waterways to rock revetment
or annual grass and herbaceous cover.

COE has extensively analyzed the conversion of riparian
vegetation to agricultural use after bank protection upstream of
project levees (RM 174) on the Sacramento River. As bank ero-
sion is arrested, agricultural investment on adjacent lands can
become attractive.    In the Butte Basin reach, proposed bank
protection described in SEIS III would involve direct loss of 12
acres of riparian woodland, but would induce conversion of an
additional 81 acres of adjacent wildland (COE 1987b).
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AgricUltural conversion is not a major issue for the tenta-
tively identified bank protection sites considered in this
document. At most identified sites having berms present, the
amount of land on the berm inside the levee is not sufficient to
warrant agricultural development. A few sites are MBK- iden-
tified stands of riparian vegetation and are already protected
from conversion by Reclamation Board policy.

Four tentatively, identified work sites have berms wide
enough to allow conversion of substantial riparian vegetation to
agricultural use. These areas, located on the Sacramento River
at RM 95.8R, 99.8R, 101.9L, and III.8R, comprise about 15-20
acres. If these conversions occur, they would be considered
significant, as would be any further loss of riparian vegetation
along the Sacramento River system.

Some historical conversions to agricultural land induced by
bank protection may involve prime agricultural soils, since such
soils are widespread in the Sacramento Valley. Where owners
have rights to river water, or other surface or groundwater
sources, and water delivery costs are reasonable, these lands
may be considered "important farmland" under state law or "prime
farmland" in accord with the policy of the president’s Council
on Environmental Quality. On the other hand, none of the lands
to be utilized for the bank protection works is now in agricul-
tural use or could be considered important or prime farmland.

Mitigation Techniques for Land-Use Impacts

Easements to protect riparian vegetation behind bank pro-
tection projects could be acquired at sites having increased
potential for conversion to agriculture. This would reduce the
potential impact to less-than-significant levels. For acquisi-
tion, unprotracted negotiation, or condemnation are reasonably
available.

Recreation and Aesthetics

Impacts of Bank Protection Methods

The proposed bank protection work would significantly
reduce both the recreational and aesthetic quality of the assoc-
iated waterways. Past bank stabilization work and vegetation
clearing have greatly reduced the amount of shoreline with
native woody vegetation and most recreational activity is con-
centrated around such areas. Present use near urban areas is at
or above capacity, with overuse causing degradation of vege-
tation, soil, and aesthetic character. Although bank fishermen
will use riprapped banks, the preferred sites are those with
tall, native vegetation.    To the degree that vegetation is
removed, the proposed project will transfer recreation pressure
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to other remnant woody riparian vegetation sites. Overall,
fishing,    boating,     picnicking,     automobile    touring,     and
plant/wildlife observation activities will be incrementally
diminished.

Recreational fishing success for certain fish species
(e.g., salmon, steelhead) would probably be incrementally dimin-
ished by the changes in fish habitat, whereas success for other
species (e.g., bass and bluegills) may be increased.    The
changes in fishing success in the project reach itself,overall,
would not be expected to be significant, however.

The reduction in aesthetic value of the waterways due to
¯ removal of woody vegetation and replacement of natural banks
with uDiformly sloping, revetted slopes would degrade the visual
experience of both boaters and roadway travelers. Palisades or
other flow modification methods could degrade visual experience
to a much lesser extent because bank vegetation would be re-
tained. About 12 miles of bank protection are tentatively iden-
tified for construction along state- or county-designed scenic
roads, including an undesignated portion of the Garden Highway
(Table 7-3).

These recreation and aesthetic resource impacts will be
significant wherever riprap configurations other than low rock
are selected for bank protection and the site is accessible by
or visible to the general public. All sites are visible and
accessible by boat, but due to the relatively fewer number of
people involved, visual and recreation impacts at sites access-
ible only by boat would be considered less than significant for
all bank protection methods other than bank-cut riprap. Bank-
cut riprap at any site involving removal of woody riparian
vegetation at the river’s edge would significantly degrade
aesthetic and recreational resources for both boaters and road-
way travelers.

~itigation Techniques for Recreational and Aesthetic Impacts

Mitigation measures for recreational and aesthetic impacts
are the same as those described earlier in this chapter for
vegetation, wildlife, and fishery impacts. They involve selec-
tion of the environmentally superior, bank protection methods,
where feasible, to minimize native vegetation removal and water
edge disturbance, restore berms, and establish vegetation within
new revetment. Where environmentally superior methods are not
feasible, compensating revegetation at nearby sites along the
river’s edge could be pursued.

Full mitigation of biological resource impacts, however,
may not fully mitigate aesthetic and recreational impacts. As
noted above, wherever bank protection other than low-rock riprap
is employed at accessible sites, or where bank-cut riprap is
used, impacts will be significant and unavoidable.
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Table 7-3. Lengths of Tentatively Identified Bank
Protection Work Along Scenic Corridors

(miles)

Route (mi)

State Designated Scenic Corridors

Highway 160 2.6

Isleton Road 1.6

Sacramento County Designated Scenic Corridors

Georgiana Slough 2.4

Steamboat Slough 1.6

Sutter Slough 1.5

Garden Highway 0.9

Garden Hi@hwa~ in Sutter Count~a

Sacramento River 0.2

Feather River 0.9

Glenn County Designated Scenic Corridor

Sacramento River 0.4

a The Garden Highway through Sutter County has not been designated as a scenic
corridor.
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Cultural Resources

An intensive archeological survey of each project~work site
will be conducted prior to construction after each is precisely
locatedand construction drawings are prepared. All work will
comply fully with the Preservation of Historical and.Archae-
ological Data Act of 1974, National Historic Preservation Act of
1966, and Executive Order 11593 ("Protection and Enhancement of
the Cultural Environment").    Mitigation and/or preservation
plans for each cultural site determined to be eligible for the
National Register of Historic Places will be developed under a
Memorandum of Agreement between the COE, the State Historic
Preservation Officer, and the Advisory Council on Historic
Preservation. Accordingly, no significant impacts to cultural
resources would be expected to result from the planned bank
protection.                                                                  "

Water Quality

Riprap bank protection methods would cause temporary in-
creases in stream turbidity in low-flow waters during con-
struction periods.    To control this source of degradation,
standards for maximum increases in turbidity (in Turbidity
Units) and settleable solids (in mg/l) at a point immediately
downstream of construction sites have been adopted by COE (COE
1985) in consultation with Central Valley Regional Water Quality
Control Board (CVRWQCB).

To meet these standards, bank-fil! riprap configurations
used by COE have entailed the use of stone for that portion of
the fill placed under water. The portion of the fill above the
low water line may be comprised of dredged fine-grained riverbed
material or fill from an offsite source. Although, from a
structural stability standpoint, fine-grained material could be
used for a portion of the underwater fill, the resulting
short-term turbidity increase would undoubtedly exceed those
standards (Veres pers. comm~).

To meet DFG concerns for impact of construction turbidity
on spawning fish, COE. has also adopted limitations to the con-
struction season. Below RM 177, operations are only restricted
to the nonflood season (normally April 15 to November 15, al-
though variances can be allowed in low-flow years). Upstream of
RM 177, the work period is limited to April 15 through November
I. Upstream of RM 184, all underwater areas excavated after
October 21 are protected with stone within 48 hours.

Based on these turbidity and s~ttleable solids standards,
establishment of a monitoring program, and work season limita-
tions, CVRWQCB on March 5, 1985 issued a conditional waiver of
water quality certification for the remainder of the Second
Phase of the SRBPP (McKinley pers. comm.).
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Compliance with CVRWQCB’s conditions would assure that
future impacts on water quality continue to be less than signif-
icant. Even if fine-grained riverbed material were used for a
portion of bank-fill and berm restoration, causing the turbidity
standards to be exceeded, a significant impact on fisheries
would not be expected; see "Fisheries" section of this chapter.
The short duration of these construction impacts renders the
potential effects on water quality and fisheries less .than
significant.

The construction~ of palisades would cause negligible im-
pacts on stream water quality.

Ener@y Resources

Construction, inspection, and maintenance of all forms of
bank protection require energy consumption. These energy re-
quirements will not be significant, however, and the potential
benefits of energy conservation are relatively small.

Energy will be consumed in the manufacture and transport of
all bank protection materials. For riprap, is consumedenergy
in the blasting, loading, transport, and placement of the rock
blanket. The great weight of rock results in relatively high
hauling costs. Additional energy will be consumed in the grad-
ing of bank materials and dredging of channel sediments, espe-
cially for berm restoration methods.

The manufacture and .installation of flow modification
materials will, in general, consume less energy than will rip-
rap. For palisades, energy will be consumed in the manufacture
of steel posts and nylon netting. Transport and placement
energy costs will be relatively low. Energy costs for vanes
could be expected to be similar.

Maintenance energy costs will be incurred for all bank
protection methods. For riprap, replacement rock will sometimes
be required, resulting in more blasting, loading, transport, and
placement energy costs. Similarly, nylon and steel post re-~
placement for flow modification also entails energy costs.

Independent of the bank protection method chosen, transpor-
tation energy costs for annual inspection of bank protection
works will be incurred.

Energy costs also will be incurred to establish and main-
tain vegetation at new bank protection sites or at compensation
sites. These costs include transport of plant materials, exca-
vation where and the establish-used, watering during seedl~ng
ment periods. These energy costs also will be less than signif-
icant.
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Other Effects Not Found to be si@nificant

The proposed project will have temporary impacts on air
quality and noise. These impacts will be limited to the immedi-
ate vicinity of the construction and should not be significant.
Some dust will be created during construction. However, stan-
dard dust control specifications requiring periodic spraying
with water will be required of the contractor throughout the
affected area. All exposed areas will be seeded with grass seed
to ensure long-term dust control.

Project construction will result in high noise levels
during certain periods, primarily caused by truck traffic and
the unloading of rock. This noise will be limited to daylight
hours.    Because of the prevalence of low population density in
most areas, few people will be adversely affected. Wildlife in
adjacent areas will experience temporary adverse effects from
noise; however, they will likely return to the project vicinity
when construction activity ceases.

7-32

C--0721 79
C-072179



Chapter 8

LEGAL AND REGULATORY REQUIREMENTS FOR ENVIRONMENTAL
REVIEW, CONSULTATION, AND PERMITS

This chapter evaluates federal and~ state requirements for
environmental review, consultation, and permits. The means for

with these summarized in Table 8-1.compliance requirements are
Certain requirements can be complied with fully at the level of
this program EIR/SEIS IV; other requirements can be complied
with fully only upon final site selection and availability of
site-specific construction plans and specifications.    Bank
protection work covered by this program document will be per-
formed during 1988-1991. Construction plans and specifications
are not typically finalized until the winter or spring immedi-
ately before construction is to occur.

Federal Requirements

Project Authorization

Four congressional acts govern the SRBPP Second Phase.. The
Flood Control Act of 1960 (PL 86-645; July 14, 1960) authorzzed
protection of the existing levee system on the Sacramento River
as recommended by the U. S.. Army Chief of Engineers in Senate
Document Number 103, Eighty-sixth Congress. Section 201 of PL
86-645 required "local cooperation" as defined by Section 3 of
the Flood Control Act of 1936 (PL 74-738) and Section 2 of PL
75-761. Under local cooperation, a responsible state or local
agency must: I) provide all lands, easements, and rights-of-way
necessary; 2) hold and save the United States free from damages;
and 3) maintain and operate all works upon completion. The
passage of PL 86-645 adopting Senate Document Number 103 also
created a two-thirds federal, one-third local cost sharing for
the project.

The River Basin Monetary Authorization Act of 1974 (PL
93-251; March 7, 1974) authorized an increase of $16,000,000 for
Second Phase work. This authorization was consistent with the
Chief of Engineers’ recommendations in House Document Number
93-151.

The of Defense Appropriations Act of 1983 (PLDepartment
97-377; December 21, 1983) expanded the authorized area of bank
protection work under the Flood Control Act of 1960 to the
vicinity of Chico Landing (RM 194). No additional money was
appropriated by the 1983 act.
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Table 8-1. Sunmmry of Ccmpliance with Environmental Requirements

Levels for c~.liance
Site~Specific Evaluation

Environmental This Program of Construction Plans
Requirement EIR/SEIS IV end Specifications Cc~ments

NatiC~l Environmental C~lete -- C~lete c~pliance at program level
Policy Act contingent on site-specific impacts being

within renge evaluated in this document,

Clean Water Act - Section 404 Complete -- Water quality protection measures for
proposed discharges are incorporated into
construction plans and specifications;
404(b) (I) detenninations provided in
SEIS I and SEIS II.

Clean Air Act N~ne Required

Endangered Species Act Cc~lete -- Biological Opinion of No Jeopardy issued
" for r~m~g Second Phase work,

Fish and Wildlife Cu~plete Consultation with USFWS will occur upon
Coordination Act -- availability of construction plans and

specifications for specific work sites,

National Historic Preservation -- Cu~plete COE archeologist will survey all work
Act and Archeological and sites upon availability of construction
Historical Preservation Act plans and s.pecifications,

Farmland Protection Policy Act C~mplete -- State and local agencies will review
EIR/SEIS IV for ccn~atibility with their
programs and policies.

CEQ M~norandum on Prime and Ccmplete -- The project prevents loss of prime or
Unique Farmlands unique farmlends

Estuary Protection Act Complete -- Consultation with state and federal
resource agencies on fish and wildlife
habitat and water quality is c~nsistent
with policies of the Act,

Wild and Scenic Rivers Act None -- No active proposals exist for designation
Required of the river under this act.

Watershed Protection and Complete
Flood Prevention Act and local’ agencies.

Executive Orders on Floodplain Complete -- See text.
and Wetland Protection

state
California Environmental Complete ~ Complete compliance at program level c~n-

Quality Act tingent on site-specific impacts being with-
in the renge evaluated in this document.

Porter-Cologne Act C~mplete -- Conditional Waiver of Certification has
been issued for remaining Second Phase
work

S~ Alteration None Required -- Agreement not needed for federally
Agrea~ent sponsored work.

State Lands Commission Complete -- Terms of such a permit are under
General Permit (for use negotiation with The Reclamation Board,
of m±~erg, ed la~)

Californ~.’a Endangered Complete -- Consultation with DFG during preparation
Species Act of EIR/SEIS IV.

Colby-Alquist Floedplaln Cu~lete -- See text.
M~nagement Act
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The fourth congressional act pertaining to the SRBPP is the
Water Resources Development Act (WRDA) of 1986 (PL-99-66, Novem-
ber 17, 1983). Section 103 of the Act appears to decrease the
local interest contribution from 33 to 25 percent. Section 103
applies to any project or element thereof initiated after April
30, 1986. The local interest is not required to contribute cash
during construction. Rather, the provision of all lands, ease-
ments, rights-of-way, dredged material disposal areas, and
necessary relocations can satisfy the local interest obligation.

Section 906 of the WRDA of 1986 authorizes COE to mitigate
damages to fish and wildlife from completed,, ongoing, or planned
water resources projects. Where construction has not commenced
by November 17, 1986, mitigation shall be undertaken before or
concurrently with construction (Section 906[a] [I]). For pur-
poses of the Act, construction is deemed to have commenced when
more than 50 percent of the necessary land for the project,
exclusive of mitigation lands, has been acquired. Where con-
struction has commenced by November 1986, mitigation may be
undertaken (Section 906[b][I]). The cost of mitigation under-
taken voluntarily pursuant to Section 906(b) (I) for any particu-
lar project is limited to the greater of $7,500,000 or 10 per-
cent of the project cost.

Section 601 of the WRDA of 1986 also authorizes a miti-
gation program for fish and wildlife losses due to the SRBPP
First Phase. The wording of the authorization for First Phase
mitigation contains a number of ambiguities. The Sacramento
District COE requested clarification of the Act’s provisions
from higher authority during March 1987 (Yep pers. comm.).

National Environmental Act (42 USC 4320 etPolicy seq.)

Requirement. The National Environmental Policy Act (NEPA)
requires a federal agency to prepare and circulate a comprehen-
sive Environmental Impact Statement (EIS) for any major federal
action that will significantly affect the quality of the human
environment. An EIS must .include a detailed statement of the
project’s alternatives and environmental impacts (42 USC Section
4332 [2] [c]).

The NEPA regulations formulated by the Council on Environ-
mental Quality require that, to the fullest extent possible, a
federal agency shal! prepare a Draft EIS concurrently and inte-
grated with other environmental studies including those required
by the Fish and Wildlife Coordination Act, the National Historic
Preservation Act, and the Endangered Species Act (40 CFR
1502.25). The regulations also encourage federal agencies to
prepare NEPA documents in cooperation with state requirements to
reduce duplication of effort. COE has adopted its own regu-
lations implementing NEPA (Army Regulations 200-2, September
1981).
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Compliance.    EIR/SEIS IV is intended to meet the COE
obligation under NEPA for remaining work under the SRBPP Second
Phase.

Clean Water Act-Section 404 (33 USC 1344 et seq.)

Requirements. The Secretary of the Army is responsible for
the issuance of Section 404 permits for the discharge of dredged
or fill materials to the waters of the United States, including
adjacent wetlands. Issuance of Section 404 permits is subject
to a public interest review governed simultaneously by COE
regulations (33 CFR 320 et seq.) and EPA Guidelines (40 CFR 230
et seq.).

Section 404(b)(I) specifies a number of determinations
required to fulfill compliance~ with Section 404 of the Clean
Water Act. These include determinations on water circulation,
suspended particulates and turbidity, contaminants, impacts on
aquatic ecosystems and organisms, cumulative effects, and secon-
dary effects on aquatic ecosystems. In general, these deter-
minations document a comprehensive assessment of impacts result-
ing from placement of dredged or fill material into waters of
the United States or their associated wetlands.

Compliance. COE has completed two evaluations in compli-
ance with the Section 404(b) (I) guidelines. Supplement I to the
Final EIS (SEIS I) on~the SRBPP (filed April 1979) contained a
404(b) (I) evaluation to comply with the EPA Guidelines published
as 40 CFR 230. SEIS II (filed February 1985) contained a second
404(b) (I) evaluation to qualify the SRBPP for an exemption of
certification from the State of California in accordance with
Section 401 of the Clean Water Act (see description of State of
California Requirements: Porter-Cologne Act below).

COE determined, in both of these evaluations, that the
SRBPP will not cause permanent unacceptable disruption to the
beneficial water quality uses of the affected aquatic
ecosystems.    COE also determined that. the requirements of
Section 404 have been accomplished by obtaining a Conditional
Waiver of Certification from the CVRWQCB.

Clean Air Act (42 USC 7401 et seq.)

Requirements. The Clean Air Act establishes comprehensive
air quality standards governed by a permit system for which
state and local agencies are primarily responsible for enforc-
ing.    The relevant definition of the sources that emit pollu-
tants for purposes of the Act does not include dust emitted
during construction of flood control facilities (40 CFR 51.165).

Compliance. No action is required.
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~ndangered Species Act (16 USC 1531 et seq.)

Requirement. The Endangered Species Act (ESA) requires
Section 7 consultation between the Secretary of the Interior and
other federal agencies to ensure that a federal agency action is
not likely to jeopardize the continued existence of federally
designated endangered species (16 USC 1536[a]). If consultation
indicates that threatened or endangered species may be present
at a proposed project site, the lead agency is to prepare a
Biological Assessment (16 USC 1536[c]). If, after reviewing the
Biological Assessment, the Secretary determines that the action
will jeopardize the continued existence of a protected species
or adversely ~modify its habitat, the Secretary will suggest
reasonable and prudent alternatives to avoid jeopardy or adverse
modification (16 USC 1536[b]).

Section 9 of the ESA prohibits taking, killing, or harming
listed species without special exemption. An "incidental take"
exemption can be granted if the taking is incidental to a proj-
ect’s purpose and if approved mitigating terms and conditions
are met.

The ESA also requires that the Secretary cooperate with
states to the maximum extent practicable in carrying out the ESA
(16 USC 1535 [a]). The ESA allows state laws concerning spe-
cial-status species to be more restrictive than the federal Act
(16 USC 1535[g]).

Compliance. Section 7 consultation is complete for Work
Units 41B-47 covered by this EIR/SEIS IV (Williams pers. comm.).
USFWS issued a Biological Opinion on November 7, 1985 stating
that remaining Second Phase bank protection work within the
existing levee system below RM 176 Left/184 Right was not likely
to jeopardize the continued existence of the valley elderberry
longhorn beetle, a federally designated threatened species (Blum
pers. comm.). No other listed or proposed threatened or endan-
gered species would be affected adversely by remaining SRBPP
work below RM 176 Left/184 Right.

All remaining work evaluated in this EIR/SEIS IV is pro-
posed downstream of RM 176 Left/184 Right. USFWS issued a final
Biological Opinion of jeopardy to the beetle from Work Units 39
and 40 in the Butte Basin Reach above RM 176 Left/184 Right on
May 19, 1987; see discussion in SEIS III/EIR (COE 1987a).

A substantial likelihood existed and continues to exist of
incidental take of valley elderberry longhorn beetles and their
larvae in elderberry shrubs removed during remaining bank pro-
tection work below RM 176 Left/184 Right. USFWS granted authori-
zation for incidental take of beetles in up to i00 elderberry
shrubs greater than 3 inches in stem diameter, and unlimited
take in smaller shrubs (Blum pers. comm.). USFWS also specified
the following "reasonable and prudent measures" to reduce the
likelihood of additional incidental take downstream 176of. RM
Left/!84 Right:
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I) survey all work sites for presence of elderberry shrubs
during planning of construction,

2) retain and protect all elderberry shrubs and clumps
greater than 3 in trunk diameter, and

3) use cuttings or stumps of removed shrubs to reproduce
new shrubs on adjacent undisturbed areas.

COE is proceeding in strict compliance with these direc-
tives. USFWS also made additional conservation recommendations
in their Biological Opinion.

Fish and Wildlife Coordination Act (16 USC 661)

Requirements.    The Fish and Wildlife Coordination Act
provides that wildlife conservation shall receive equal consid-
eration with other aspects of water-resource development pro-
grams. The Act authorizes the Secretary of the Interior to
cooperate with state, local, and private organizations to devel-
op and protect wildlife habitat (16 USC 661).

The Coordination Act also requires any federal agency
proposing to modify any stream or other water body to first
consult with USFWS and the state agency responsible for wildlife
resources (i.e., DFG). The consultation is to be held with a
view to the conservation of wildlife resources (16 USC 662[a]).
Reports and recommendations of the Secretary of the Interior and
the state wildlife agency are to be made an integral part of any
federal agency report on the modification or supplementation of
plans for previously authorized projects subject to the Act (16
USC 662[b] [2]) .

The Coordination Act requires project plans to describe the
potential damage to wildlife and to propose means and measures
for mitigation which the construction agency finds are
reasonable and justifiable (16 USC 662[b] and [f]). The Act
also authorizes federal agencies to expend money for the cost of
mitigation subject to specific limitations (16 USC 662 [c] and
[d]).

Compliance. Coordination with USFWS has been initiated for
Work Units 41B, 42, and 43 for preparation of planning aid
letters. Consultation has not occurred for Work Units 41B-47
covered by this EIR/SEIS IV, but will begin upon availability of
construction plans and specifications for individual bank pro-
tection sites. Continuingcooperation between COE and USFWS is
expected (Michny pers. comm.). USFWS reviews the proposed plans
and submits a planning aid letter to COE with recommendations
for appropriate mitigation pursuant to the Fish and Wildlife
Service Mitigation Policy (46 FR 15, January 23, 1981).
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Nat!onal .Hi@tpric.Preservation Act (16 OSC 470)

Requirements. A major policy behind the National Historic
Preservation Act (NHPA) is to ensure that future generations
have an opportunity to appreciate the historical heritage of our
nation (16 USC 470). Federal agencies must both identify cul-
tural resources and consider the impacts of their actions on
these resources. A Zederal agency is also required to consult
with the State Historic Preservation Officer (SHPO) concerning
sites included and for inclusionon~ potentially eligible on,
the National R~gister of Historic Places (36 CFR Part 800 et
seq. ) .

Compliance. A COE archeologist will perform a. cultural
resources :inventory of all work sites. If any cultural re-
sources are~identified, the SHPO will be notified and appropri-
ate mitigation measures taken.

Archeolo@ical and Historical Preservation Act (16 USC 469)

Requirements. This Act requires written notification to
the Secretary of the Interior by any federal agency when cul-
tural resources could be lost or destroyed by construction of a
dam or any alteration of terrain. This Act, in conjunction with
the NHPA, provides a comprehensive system for consideration of
cultural resources in relation to water resource management
~rojects (Shea 1982).

Compliance.    A cultural resources inventory will be per-
formed at all work sites. If any cultural resources are iden-
tified that might be affected, the Secretary of the Interior
will be notified.

Farmland Protection Policy Act (7 USC 4201 et seq., 7 CFR Part
658)

Requirements. The Farmland Protection Policy Act and its
implementing regulations require federal agencies to use the
criteria of 7 CFR 658.5 to assess the adverse impacts of their
actions, to consider appropriate alternative actions, and, to
the extent practicable, to ensure that their programs are con-
sistent with state and local programs to protect farmlands (7
USC 4202 [b]). Guidelines promulgated by the Department of
Agriculture assist federal agencies in determining the status of
project sites and severity of potential impacts (7 CFR
658.4[a]). The farmlands governed by this Act meet definitions
of prime, unique, or statewide or local importance (7 USC 4201
[c]). The Farmland Protection and POlicy Act does not provide a
basis for legal action by any state, local ~government, or any
other persons (7 USC 4209).
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Compliance. A potential agricultural conversion caused by
the project could result from development of mitigation habitat.
State and local review of this EIR/SEIS IV will permit state and
local governments to comment on the compatibility of the pro-
posed project with their farmland protection programs and poli-
cies. COE has not yet consulted with the Department of Agricul-
ture to determine the applicability of the Farmland Protection
Criteria (7 CFR 658.5) (Kindel pers. comm.). It is expected
that coordination of this EIR/SEIS IV will fulfill requirements.

CEQ Memorandum (August. II, 19801--Analysis of Prime and Unique
Farmlands in Implementing the National Environmental Policy Act
(45 Federal Register 58199)

Requirements. The memorandum recommends that an analysis
of the effects of federal agency projects on prime and unique
soils be included as part of NEPA documentation.

Compliance. The project prevents loss of prime or unique
soils tb flood damage. This EIS/EIR is intended to meet the COE
NEPA responsibilities.

Estuary Protection Act (16 USC 1221)

Requirements. The Estuary Protection Act’s policy is to
protect, conserve, and restore the estuaries of the United
States. The Act authorizes specific studies for potential
acquisition of estuaries and encourages states and local juris-
dictions to consider estuarine values in their comprehensive
planning efforts. The Act specifically states that it shall not
be construed to prevent a federal agency from carrying out
projects authorized within an estuary.

The entire Sacramento - San Joaquin Delta is considered to
be an estuary by the SWRCB Bay Delta Unit (Winternitz pers.
comm.). The Delta includes the project area up to approximately
RM 60 (California Water Code Sec. 12220).

Compliance. The project is neither authorized nor prohib-
ited by this Act. The Act vests no agency with permitting
authority. Consultation and coordination with federal and state
agencies r~sponsible for wildlife conservation and water quality
protection conforms with the policies of the Act.

Wild and Scenic Rivers Act (16 USC 1271)

Requirements. The Wild and Scenic Rivers Act established
three categories of protection or further study for rivers
exhibiting certain qualities. The Sacramento River is a Section
5(d) river (35 FR 16693, October 28, 1970). Section 5(d) rivers
are those that will be considered for potential addition~to the
Act’s inventory of protected rivers. For these rivers, federal
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agencies will consider the potential of the river as a wild,
scenic, or recreational river area. COE prepared a report on
the values of the Sacramento River in 1975 for submission to
the Secretary of the Interior (COE .1975). The National Park
Service identified the Sacramento River as subject to potential
inclusion during its 1982 Nationwide Rivers Inventory.    No
specific proposal for granting the Sacramento River protected
status has been acted upon by Congress.

Compliance. The Act does not require specific action or
findings by federal agencies for Section 5(d) rivers. COE has
considered the river’s potential wild, scenic, and recreational

in studies. This EIR/SEIS IV furtherqualities past provides
opportunity for appropriate coordination.

Watershed Protection and Flood Prevention Act (16 USC 1001 et

Requirement.    The Act establishes a national policy of
cooperating with state and local agencies in preventing the loss
of life and damage to property caused by erosion, floodwater,
and sediment.

Compliance. COE is cooperating with both state and local
agencles to provide effective watershed protection and flood
prevention by the SRBPP.

Executive Order I1988 - Floodplain Mana@ement and Executive
Order 11990 - Protection of Wetlands

Requirements. Executive Order (EO) 11988 requires federal
agencies to prepare floodplain assessments for projects located
within or affecting floodplains.    If an agency proposes to
conduct an action within a floodplain, it must consider alterna-
tives to avoid adverse effects and incompatible development in
the floodplain. If the only practicable alternative involves a
site within the floodplain, the agency must minimize potential
harm to or within the floodplain, and explain why the action is
proposed within the floodplain.

EO i1990 requires federal agencies to prepare wetland
assessments for proposals located within or affecting wetlands.
Agencies must avoid undertaking new construction located in
wetlands unless no practicable alternative is available and the
proposed action includes all practicable measures to minimize
harm to wetlands.

Compliance. following areThe findings made:

Reasons for Locatin~ the Proposed Action in Flood-
plains or Wetlands.    The proposed actions consist of con-
struction activities to protect the integrity of existing, levees
and associated flood control facilities along the Sacramento
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River. By definition, these actions must occur on the histor-
ical floodplain of the river that is now occupied by a large
human population and agricultural and commercial developments.
Flood control structures such as levees and bank protection are
not considered, however, to be incompatible developments in
floodplains. Also, these actions must, by definition, occupy
the wetland margin of the river where it is eroding levees. The
no-action alternative of allowing the river to erode through
levees and reflood the historical floodplain is not considered a
viable option because of the large human population and develop-
ments present.

Conformance with Applicable State or Local Floodplain
or Wetland Protection Standards.    The proposed actions are
designed to maintain the flood control system and thus are
expected to conform with applicable state and local floodplain
and wetland protection standards.

Effects on the Natural or Beneficial Values of Flood-
plains or Wetlands. Natural and beneficial values of the wet-
lands and floodplains occupied by bank protection works will be
adversely affected. Potentially affected values consist primar-
ily of river’s edge aquatic habitat and riparian vegetation.
Chapter 7 sections on vegetation, wildlife, and fisheries de-
scribe adverse impacts and applicable mitigation measures to
minimize and compensate for the impacts.

~eps Taken to Minimize Potential Harm within Flood-
plains or Wetlands. All practicable measures are undertaken and
alternatives are considered to minimize the harm to or within
floodplains and wetlands. Mitigation measures are described in
Chapter 7, "Environmental Consequences."

Public Involvement. Public review andconsultation is
ensured through this EIR/SEIS IV.

State of California Requirements

Pro~ect Authorization

Section 8617.1 of the California Water Code authorizes The
Reclamation Board to take any action required to cooperate with
COE to carry out the purposes of the Flood Control Act of 1960.
The project itself is adopted and authorized by Water Code
Section 12649.1. Section 126.57 expressly authorizes the Board
to provide the necessary assurances of local cooperation.

State policy recognizes that "fish and wildlife enhancement
¯ and recreational development should be among the purposes of all
federal flood control and watershed projects and ... these
benefits should be realized concurrently with ... benefits from
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other project purposes" (Water Code Section 12841)    The Legis-
lature also intended that watershed protection projects include
features necessary to preserve and enhance the state’s fish and
wildlife resources and fully utilize such projects for recre-
ation consistent with the protection of life and property (Water
Code Section 12842).

California Environmental Quality Act (Public Resources Code
Section 21000) and CEQA Guidelines (14 CAC Sec. 15000)

Requirements.    The California Environmental Quality Act
(CEQA) requires a state or local agency to prepare an Environ-

mental Impact Report (EIR) on any project it proposes to carry
out or approve that may have a significant effect on the en-
vironment.    A lead agency must either mitigate significant
impacts or explain why economic, social, or other considerations
render mitigation infeasible.

The State CEQA Guidelines (14 CAC Sec. 15000 et seq.) allow
a lead agency to prepare a joint EIS/EIR to meet the require-
ments of both NEPA and CEQA. The State Guidelines also have
specific requirements for the analysis of cumulative impacts.

Compliance.    This EIR/SEIS IV is intended to meet The
Reclamation Board CEQA responsibilities.

Porter-Cologne Act (Water Code Sec. 13020)

Requirements.    The Porter-Cologne Act is California’s
primary means of protecting its water resources. Under the Act,
each Regional Water Quality Control Board is responsible for
regulating discharges that may affect water quality. The Re-
gional Board may issue a Waste Discharge Requirement (WDR), a
Certification that the proposed discharge is consistent with
state water quality standards, or a Waiver of Certification
conditional on specified mitigation measures.    Certification
indicates that a proposed discharge meets state standards and is
acceptable for purposes of the federal Clean Water Act Section
401(a) (I) (Water Code Sec. 13160.1).

Compliance.    The Central Valley Regional Water Quality
Control Board has issued a Conditional Waiver of Certification
for remaining Second Phase work that follows specific mitigation
measures required by DFG (McKinley pers. comm.). The mitigation
measures cover work periods and construction standards and
specify that, upstream of RM 184, underwater construction areas
must be protected with stone protection within 48 hours after
October 21 of each year.
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California Air Resources Act (Health and Safety Code Sec. 39~00)

Requirements. This Act gives local Air Pollution Control
Districts (APCD) the primary responsibility for control of air
pollution including fugitive dust emissions.    Control is
exercised by implementation of local air pollution control ordi-
nances.

Compliance. No county or APCD has notified COE of Air
Resources Act 3urisdiction over any of the activities related to
past bank protection operations (Veres pers. comm.). Standard
construction techniques will be utilized to minimize dust emit-
ted during construction of flood control facilities (Veres pers.
comm.).    Circulation of this EIR/SEIS IV will allow local
agencies to review the proposed action for compliance with local
ordinances.

Fish and Game Code (Section 1600 et seq.) Streambed Alteration
A~reement                         ’’    ’

Requirements.    Section 1601 requires a state agency to
enter a streambed alteration agreement with DFG prior to any
construction which could obstruct or change a stream’s flow or
bed. The agreements specify necessary modifications to protect
any existing fish or game resource from ~substantial adverse
effects.

Compliance.     These Agreements are not required for
federally sponsored projects such as the SRBPP.

State Lands Commission General Permit (2 CAC 2002[b])

Reguirements. The State Lands Commission has jurisdiction
over the use of tidal and submerged lands. The Commission may
grant a general permit for public agency uses of such lands.

Compliance. The Commission, in responding to the NOP for
this EIR/SEIS IV, has notified The Reclamation Board that a
permit will be necessary (Sanders pers. comm.). The Board and
the Commission are negotiating the terms of the permit
(Stevenson pers. comm.).

California Endangered Species Act (Fish and Game Code Section
2090 et seq.)

Requirements. The California Endangered Species Act re-
quires formal consultation between DFG and a state lead agency
when a proposed action subject to CEQA may affect a state endan-
gered, threatened, or candidate species. During preparation of
a Draft EIR, the lead agency must determine the location of
sensitive speci~es on a project site and consult with DFG.for an
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opinion on whether the proposed project would jeopardize the
continued existence of the species. If DFG finds that jeopardy
would occur, DFG will propose reasonable alternatives or mitiga-
tion measures to avoid jeopardizing the sensitive species. DFG
is also required .to consult with USFWS and, wherever possible,
to adopt the federal Biological Opinion on endangered species.

Compliance. DFG has informed The Reclamation Board of its
responsibilities under the Endangered Species Act (Parnell pers.
comm.). Consultation with DFG has occurred during preparation
of this EIR/SEIS IV which identifies state-designated special-
status species, their locations in the project reach, potential
impacts, and appropriate mitigation measures.

Colby-Alquist Floodplain Management Act (Water Code Sec. 8400)

Requirements. The Colby-Alquist Act establishes that State
policy should to prevent the loss of life and property from
flooding, encourage local governments to plan land uses consis-
tent with flood plain management, and provide assistance in
floodplain management.

Compliance. The proposed project will provide flood con-
trol consistent with local interests.
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Chapter 9

LIST OF PREPARERS

EIR/SEIS IV
Prel~arer Education Responsibility Experience

Dan Airola M.S., Wildlife Resource Prepared wildlife i~pact Eight years experience in
Wildlife Biologist Science analysis, resource management planning

and wildlife habitat
analysis.

Ken Casaday M.A., Geology and Pesponsible for project Fifteen years experience as
Geologist Geophysics coordination; prepared ~n envirc~mental geologist/

hydrologic analysis and hydrologist, coordinating
assisted in identification of multi-disciplinary
project alternatives, environmental impact studies.

Phil Dunn M.S., Fisheries Biology Prepared fisheries impact Seven years e~perience
Fisheries Biologist analysis, managing aquatic biology

studies and assessing impacts
t~ fish habitats.

Jim Jokerst M.S., Botany Prepared vegetation analysis Five years experience
Botanist and managed field surveys, preparing vegetation resource

analyses with expertise in
rare and endangered plant
manag~sent.

Jordan Lang M.S., Wildiand Resource Responsible for project Eight years experience
Resource Ecologist Science management; prepared managing and conducting

c%~m/lative in,pact analysis~ resource managemeg.t studies.

Thcmas MacDonald, Ph.D., Hydraulics, As a subconsultant through Thirteen experience inyears
RCE Hydrology, and Statistics Leedshill-Herkenhoff, Inc., directing a wide variety of

Civil Engineer, assisted in identification of water resource projects
Hydrologist project alternatives. ~ncluding floodplain studies,

hydrology studies, and
hydraulic sediment transport
analyses.

Greg Sutter M.S., Ecology Assisted in wildlife analysis Six years experience
Land Use Planner and field surveys; m~naged conducting land use analyses,

data reduction tasks; prepared visual resource and design
land use, recreation, assessments, and water
aesthetics, and cultural quality and biological impact
resource impact analyses, analyses.

Ron Bass M.A., Envirorm~ntal Served as CSQA compliance Ten years experience in multi-
Land Use Planner/ Planning; J.D. advisor, disciplinary environmental
Attorney planning studies, with

~%~asis in C~QA analyses.

A1 Herson M.A., Urban Served as NEPA compliance Eleven years experience as an
Land Use Planner/ Planning; J.D. advisor, enviror~ental planner and
Attorney land use attorney

specializing in NEPA

Ernest Silva J.D. Evaluated requirements for Three years experience
Land Use Planner/ environmental’ review, preparing environmental
Attorney consultation, and permits, assessments, specializing in

land use regulations.

Other Jones & Stokes Associates staff Assisted with preparation or
production of report.

Vicki Axiaq
Judy Bell
R~bby Ha~ton
Janet I.~re s
Tim Messick
Gi-Diep Nguyen
Jan Parker
Tony Rypich
Jack Whelehan
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Brode, J. March 10, 1987. Biologist. California Department of
Fish and Game, Sacramento CA. Telephone conversation.

Broich, ~S. April 16, 1987. Professor. Oregon State Universi-
ty, Corvallis, OR. Telephone conversation.

Estep, J. March 1987.    Biologist.    California Department of
Fish and Game, Sacramento, CA. Telephone conversation.

Gundlach, D. June 1987. Hydrologist. U. S. Corps of Engi-
neers, Sacramento District, Sacramento, CA.

Hagen, K. February 7, 1987. Division of Biological Sciences,
.University of California, Berkeley, CA. Telephone conversa-
tion.

Hess, L. April 13, 1987. Fisheries Biologist and Environmental
Planner.    U. S. Corps of Engineers, Sacramento district,
Environmental Planning, Sacramento, CA. Telephone conversa-
tion.

Holland, R. F. July 3, 1986. Vegetation Ecologist. California
Department of Fish and Game, Sacramento, CA. Telephone con-
versation.

Huddleston, James R. May 4, 1987. Program Manager, "Rivers
Program" Division of Park Planning and Environmental Quality,
National Park Service Western Region. Telephone conversation.

Jokerst, J. March 15, 1987. Botanist. Jones & Stokes Associ-
ates. Sacramento, CA. Memo.

Kindel, F. March 26, 1987. Engineer. U. S. Army Corps of
Engineers, Sacramento District, Sacramento, CA.    Telephone
conversation.

King, J. R. April 1 and 13, 1987~ Environmental Specialist.
Flood Project Analysis Section, Division of Flood Management,
Department of Water Resources, Sacramento, CA.    Telephone
conversations.
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~night, w. March 17, 1987. Private consultant. Cotati, CA.
Telephone conversation.

Kobetich, G. C. 1986. Project Leader. U. S. Fish and Wildlife
Service, Sacramento Endangered Species Office, Sacramento, CA.
Letter to M. W. Yep of U. S. Army Corps of Engineers con-
cerning Section 7 consultation under Endangered Species Act
(1973 as amended).

Lang, J.    May II, 1987.    Environmental Scientist.    Jones &
Stokes Associates. Sacramento, CA. Meeting.

Manolis, T. 1986. President. Western Field Ornitholo-May 15,
gists. Letter to Mr. Frank H. Dunkle, Director, U. S. Fish
and Wildlife Service.

Mapes, B.    April 28, 1987.    Associate Wildlife Biologist.
California Department of Fish and Game, Sacramento,. CA.
Telephone conversation.

McKevitt, J. J. April 1 and 30, 1987. Field Supervisor. u.S.
Fish and Wildlife Service, Division of Ecological Services,
Sacramento, CA. Letter to Col. W. Scholl, U. S. Army Corps of
Engineers, Sacramento District.

McKinley, C. B. March 5, 1985. Area Engineer. California
Regional Water Quality Control Board, Central Valley Region,
Sacramento, CA. Letter to Colonel Arthur Williams, U. S. Army
Corps of Engineers, Sacramento district, Sacramento, CA..

Michny, F. April 3, 1987 and July 14, 1987. Fish and Wildlife
Biologist.    U. S. Fish and Wildlife Service, Ecological
Services, Sacramento, CA. Telephone conversations.

Nakaji, F. T. February 24, 1987 and April i, 1987. Acting
Field Supervisor. United States Fish and Wildlife Service,
Sacramento, CA. Letter to Colonel W. J. Scholl, District
Engineer, Sacramento District, U. S. Army Corps of Engineers
and telephone conversation.

Parnell, J. C.    June 25 and October 27, 1986.    Director,
California Department of Fish and Game, Sacramento, CA.
Letter to James McKevitt, U. S. Fish and Wildlife Service and
memo.

I Rinehart, E. E. March 21, 1980 and February 28, 1984. General
Manager. The Reclamation Board, Sacramento, CA. Letter to
COE Sacramento District Engineer and Letter to Col. A. F.
Williams, Sacramento District COE.!

Sanders, D. E. March 18, 1987. Chief. State Lands Commission,
~Division of Research and Planning, Sacramento, CA. Letter.

!
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Schlorff, R. W. March ii, 16, 17, 1987. Wildlife Biologist,
Nongame Bird and Mammal Section, California Department of Fish
and Game, Sacramento, CA. Telephone conversation.

Stevenson, B. March 31, 1987. Attorney. State Lands Commis-
sion, Sacramento, CA. Telephone conversation.

Unkel, W. C. June 2, 1987. Coordinator - Lands and Natural
Areas Project. Nongame Heritage Program, California Depart-
ment of Fish and Game, Sacramento, CA. Telephone conversa-
tion.

Veres~ J.    Numerous contacts, February-May, 1987.    Project
Manager (Engineer). Sacramento River Bank Protection Project,
U. S. Army Corps of Engineers, Sacramento District, Civil
Design Division, Sacramento, CA.    Memo, telephone conver-
sations, and meetings.

Williams, J. A.    April 8, 1987; June 29, 1987.    Endangered
Species Biologist. U.S. Fish and Wildlife Service, Endan-
gered Species Office.    Sacramento, CA. .Telephone conver-
sations.

Winternitz, L.    March 24, 1987.    Environmental Specialist.
State Water Resources Control Board, Division of Water Rights,
Bay Delta Unit, Sacramento, CA. Telephone conversation.

Yep, W. April 13, ~1987. Chief. Planning Division, Sacramento
District Corps of Engineers, Sacramento, CA. Letter ~to R.
Spotts, Defender of Wildlife.

General References for Chapter 3

Clarke, R.    1977. Streambank Erosion Control Evaluation and
Demonstration Act of 1974 (Section 32): proposed sites for
Section 32 work in Sacramento District. Levees and Channels
Section, Sacramento District, U. S. Corps of Engineers.
Sacramento, CA. 12 pp.

Mifkovic, C. S. and M. S. Petersen. 1975. Environmental as-
pects - Sacramento bank protection. Journal of the Hydraulics
Division, Proceedings of American Society Civil Engineers
I01(HY5):543-555. May 1975.

U. S. Army Corps of Engineers, Sacramento District.    1955.
Standard operation and maintenance manual for the Sacramento
River Flood Control Project. Revised May 1955. Sacramento,
CA. 51 pp.

¯ 1962. Bank protection general design - Memorandum
. No. i. Sacramento, CA. 26 pp.
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1976.    Sacramento River Bank Protection Project
S~pp~’em~t No. 2 - Design Memorandum No. 2. Sacramento, CA.
23 pp.

¯ 1979. Blackberry Island, Sacramento River, CA.
Modification of bank protection    construction method.
Sacramento, CA. 7 pp.

.    1983a.    Sacramento River, Chico Landing to Red
Bluff - Jobs Bill work - GDM Supplement 4 and supplemental
information report. Sacramento, CA. 15 pp. + attachments.

1983b.    Sediment transport studies--Sacramento
River and tributaries bank protection and erosion control
investigation, California. 60 pp. + figures.

.    1984a.    Design Memorandum Supplement No. 5 to
Design Memorandum No. 2, second phase, Sacramento River Bank
Protection Program. Sacramento, CA. 7 pp. + attachments.

¯ 1984b. Supplement No. 5 to General Design Memoran-
dum No. 1 - Sacramento River, Chico Landing to Red Bluff, CA.
Sacramento, CA. 60pp. + attachments.

¯ 1986.    Sacramento River Flood Control Project,
California, levee construction general design.    (Supplement
No. 1 to Design Memorandum No. 13.) Sacramento, CA. Unpub-
lished report. 64 pp. + plates and appendices.
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Appendix A

SAMPLE
SACRAMENTO RIVER BANK PROTECTION PROJECT

WORK SITE ENVIRONMENTAL CHECKLIST
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SACRAMENTO RIVER BANK PROTECTION PROJECT
WORK SITE Eh~VIRONMENTAL CHECKLIST

River/Slough:~ River Mile:~ Left or Right Bank:~ Length:~ Ft.:~

Purpose: To document site evaluation, selection of bank protection method,
selection of mitigation, and applicability of EIR/SEIS IV prograr~matic
environmental document. (Applicable to work sites initially planned for
construction under Work Units 41B-47. )

I. Determine status of woody riparian habitat in the .vicinity.

a. Determine percentage of both banks per mile lined with woody
riparian habitat within one mile upstream and downstream:

percent

b. Conclusion: is woody riparian habitat scarce in vicinity (i.e, <25
percent of the linear extent of both banks)?

yes                   no

2. State purpose of bank p~otection

arrest bank eros±on into levee
arrest bank erosion approaching levee (berm width         )
protect MBK significant stand of woody riparian vegetation
(middle reach only)

assure proper floodflow split to flood relief structure or weir
Other:-

3. Determine site characteristics.

a. Context
Nature of upstream bank protection
Presence of upstream berm
Presence of upstream erosion
Nature of downstream bank protection
Presence of downstream berm
Presence of downstream erosion
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!
b. Erosion Characteristics

Presence/condition of berm
Berm width
Location of erosion
Extent of erosion
Height of erosion cutface
Height of bank (elevation of berm

surface above Icw water line)
Channel gecmetry
Inferred initiator of erosion

c. Aquatic Habitat Observations
Shoreline length (ft) by category:

- denuded
- herbs, shrubs, or

minimally shading trees
- shading trees

i d. Vegetation Types (on bank, berm, and waterside of levee)
Type/acreage
Type/acreage
Type/acreage
Total acreage woody riparian

I 4. Determine presence/absence of suitable habitat for special-status
species.

a. Plants
Suisun Marsh aster
California hibiscus
Delta tule pea

I Mason’ s lileaopsis

b. Wildlife
Swainson’ S hawk
Bank swallow
Yellow-billed cuckoo
Valley elderberry longhorn beetle

I Giant snakegarter

Conduct special-status species surveys where suitable habitat exists or
documented occurrence recorded by others. Attach results.

Survey for conducted on
Results: found not found

Survey for conducted on
Results: found not found

Survey for conducted on
Results: found not found

A-3
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6. Conduct cultural resource survey; attach results.

Survey date: Results: Significant resources found
not found

7. Evaluate bank protection alternatives

a. Determine least~cost~ method fzum decision flow chart.
Least cost method:

b. Determine enviror~uentally superior method from decision flow chart.
Enviror~uentally superior method:

c. Will environmentally superior method be used?
yes                 no

If "no," describe site features that render the environmentally
superior alternative infeasible:

d. Identify the selected method of bank protection. Selected method:

8. Determine significant environmental effects of selected bank protection
method

Yes No

a. Elimination ~of an occurrence of a special-status species.
Species:                               ~.

b. Substantial effect on a rare or endangered species or the
habitat of the species.

c. Direct elimination of significant woody riparian habitat
where      scarce      not scarce in the vicinity.

d. Direct elimination of Significant shaded aquatic habitat
where      scarce      not scarce in the vicinity.

Inducement for conversion of woody riparian habitat toe.
agricultural use.

f. Substantial interference with the rearing or movement of
migratory fish.
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I
g. Disruption or adverse ef±ect on a prehistorical,

historical, or religious site.

h. Substantial, demonstrable negative aesthetic effect.

I i. Conflict with established recreational, educational, or
scientific uses of the area.

9. Determine signific~!~t environmental benefits of selected bank protection

Yes No

a. a long-term woody riparianProvide increase of habitat
a scarcity area.

b. Provide a long-term increase of shaded aquatic habitat in
a scarcity area.

c. Protect woody riparian and/or shaded aquatic habitat frau
loss due to arrest of bank erosion.

d. Protect occupied habitat for a special-status species frau
-- -- loss o

I0. Determine compensating mitigation measures for significant environmental
effects identified in Item #8 above.

Impact
Impact Described Mitigation

Category Description of Mitigation        in Described
(see Item #8) Measure to be Implemented EIR/SEIS IV? in EIR/SEIS IV

__yes ___no __~yes ___no

__yes __no __yes __no

__yes no _~yes ___no

__yes __no __yes ___no
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!
ii. Are all site impacts, mitigation measures, and mitigation efficacy I

described generically in EIR/SEIS IV? __yes      no

If "no," provide further environmental documentation: Date                        I
File #
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